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The forgings illustrotec' are typical of the large Alum'num Alloy Airplane 
party in cur-ent production on the heavy presses at Wyman-Gordon. 


A new era in the art of forging has been demon- WYMAN GORDON Co 
strated as production goes forward on this 35,000- - 7 


ton closed die forging press. Larger forgings with Established 1883 

thinner sections and closer tolerances than here- FORGINGS OF ALUMINUM ¢ MAGNESIUM 
tofore possible open new concepts in forging STEEL © TITANIUM 

design. Wyman-Gordon continues to pioneer by WORCESTER 1, MASSACHUSETTS 


— Keeping Ahead of Progress. HARVEY,ILL. © DETROIT, MICH. 
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Cover design this month by Harry Brocke dramatizes the conference of the AIME Electric 
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Stokes vacuum brazing furnace at Pratt & Whitney 


Aircraft offers complete accessibility to work area and . { 
simplicity in material handling These three simple opera Pratt & Whitney Al 
j tions are involved (1) placing of work (2) covering work 
with retort and (3) lowering the furnace shel! 


THE COMPLETE LINE OF STOKES 


tokes manufactures a complete line ra rs 
STOKES MECHANICAL 
nping eq pment This 
i VACUUM PUMPS 
ne vacuum pumps, 
it ter pumps, vocuum id For vacuum processing systems and 
1 gages, and complete for maintaining low forepressures 
trumentation. In engi in high--acuum systems, the Stokes 
: gh vacuum equipment Microvuc pump provides efficient 
tok builds vacuum metollizers economical operation. Designed 
. nm furnaces and other vacuum with fully automatic lubrication 
processing equipment and a long-lasting exhoust valve 
assembly, every Microvoc pump 
toke has for many years been ; assured of smooth, trouble-free 
active vocuum research. Vocuum operation. Six sizes give capac 
experience among our eng:neers ties from 15 to 500 cim. Send for 
covers the range from laboratory catalog listed at right. 
equipment to some of the largest be 
vacuum equipment in service. This 


experience is available to help solve 


your vacuum problems. ew | 


a] 
E 
a 


Versatile new furnace design also can be used for heat-treating 
and outgassing at high vacuum or under controlled atmospheres. 


A logical development of vacuum metallurgy, high-vacuum brazing, 
presently being investigated by numerous firms throughout the country, 
promises to produce superior products more economically than brazing 
methods used heretofore. Tests of vacuum brazed components indicate 
the greater strength, ductility and uniformity of assemblies produced 
by this method 

Typical of firms currently carrying on investigations in this field is 
Pratt & Whitney Aircraft, East Hartford, Conn. The firm is using a Stokes 
furnace in experimental work on the application of vacuum brazing to the 
production of jet engine components. 


Stokes’ furnace design for vacuum brazing is practical takes into 
account the problems of large-scale production. The Stokes dual-chamber 
design, with a smooth-contour retort completely enclosing the work, permits 
faster vacuum pumping cycles; provides complete accessibility of the work 
area and a large, uniform temperature zone. 

Stokes engineers have a wealth of practical experience in the field of 
vacuum metallurgy We'll be glad to discuss the application of this fast- 
growing science to your production. Write ior Catalog 790 containing 
valuable information on Stokes High-Vacuum Furnaces 


F J Sroxes Macuine Company, 5504 Tasor Roap, PHILADELPHIA 20, Pa 


SEND FOR 
TECHNICAL 
LITERATURE: 


Microvac Pumps—Catalog 750 
Diffusion and Booster Pump 
Specification sheets 
and performance curves 
The Story of the Ring-Jet Pump 
Complete Vacuum Processing 
Systems—Catalog 730 
How to Core for Your 
Vacuum Pump—Booklet 755 


Vacuum Impregnation — 
Catalog 760 


Vacuum Drying—Catalog 720 
Vacuum Furnaces — 
Catalog 790 
Vacuum Metollizing — 
Catolog 780 


Vacuum Calculator 
Slide Rule 


VACUUM EQUIPMENT 


STOKES VACUUM VALVES 


To control vacuum sofely ond surely, Stokes 


STOKES RING-JET DIFFUSION 


AND BOOSTER PUMPS vocuum volves ore ovailable in 4, 6, 10 ond 
16-inch stondard flonge sizes 


The new Stokes Ring-Jet Pumps em 


STOKES-McLEOD VACUUM GAGES 


For measuring vocuums from of o 


body a new concept of the diffu 
sion principle. Size for size, they 
have pumping speeds of 10% to micron up to 50 mm, Stokes Mcleod gages are 
more than 100% above any other the standord of reference. Four sizes available 
diffusion pump for a given heot bail 
input. Ring-Jet Diffusion Pumps ore 
available in sizes of 4, 6, 10, 14 
ond 16 inches 
sizes of 4, 6 


Send for informetion listed. 


Booster Pumps in 


10 and 16 inches. 


OFFICES IN PRINCIPAL CITIES, REPRESENTATIVES THROUGHOUT THE WORLD 
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eA mprehensive hook ” ill © Sheffield. Steel Div of Armco 
aa o phase f ich ng aluminum has Steel Corp. has issued a brochure 
, es released by Kaiser Aluminum entitled Alloy Steels. The brochure 
ne sale Inc Jat ed be w alloy, high strength 
f ext h and practical ex- teels, Sheffield High Strength and 
peru e and er of production Sheffield Shef-Ten, and gives a de- 
ise tore ire ided im cTiption of quality controls, starting 
aa ti prot ely trated 20-page with raw materials and ending with 
+ It ré ‘ pe macr ng te nished steel Bro 
Developers practices to be f ved ache g hure are: avaliable at Sheffield 
of the A & the t satisfactory and « mica plants at Houston and Kansas City 
Guided } ‘ @ The Me oder A n nr ist 
\ j ree é ly waiiadvie a neu data heet 
Missile ta ed hen requested n company ting and correlating all ot the 
JET etterhea by addre tecr ca ’ me rciaily ava tandards 
editor, Kaiser Alur m & Chemi- fica 
PROPULSION il Sale Inc 228 N. LaSalle St 
LABORATORY ‘ 
® The 1955 edition of Charting 
CALIFORNIA Stee Progr a 72-page, illus- 
TITUTE OF trated booklet of pertinent iron and 
TECHNOLOGY steel industry statistics, has just ind 
been published by AISI. Included fata pudlished by various rces 
are: development of raw material virect ire a given jor obtain 
| Active im all phases reserves, expansion of steelmaking j copies of the standards and spect- 
| of propulsion and related eapacity, distribution of products, at we 
tions, and financial data. Single Lexington Ave., New York 17 
copies are available on request from 
iron & Steel 350- A publication, Res jual Grinding 
te e researc Sth Ave., New York 1 Stresses in Hardened Steel, has just 
been released by Mellon Institute. 
ove - Written by H. R. Letner the paper 
estot . describes residual stresses resulting 
04 fers ence ued an illustrated Catalog from surface grinding a hardened 
£q ent jor astry ball bearing type steel. Copies are 
tt th t available from Mellon Institute of 
Industrial Research, 4400-5th Ave., 
— t treats nanical Pittsburgh 13. 
pe of puis equis Iourt teri in 
erials research jul nt, and | ae Ledoux & Co., has annaunced the 
probie te t puru tor f its new hydrogen-de- 
x t The t er 4 
yous heat trans'e ‘ ‘ Tt 
oellant h e ‘ ey g lr entra- 
metallurgy, an gh i r as hig! 
tempera ete ° ‘ 
fr Ledoux & Ave 
bier ord 
ents Spe The Pyr tot liation pyr 
Attractive solories ore ‘ 7 wil 1 dé rip- meter can measur irface tempera- 
‘ te g ind t fr t as is 
Copies are 000°F wit g anteed accura 
‘ f Featu peed re 
‘ hurgl ponse f 98 pct econd, the 
hure des ribime overing ti f to 1500°F 
vertices ama * The Serial Marker, manufactured 1000° to 2500°F, and 1000° to 7000°F 
extivities a ’ by Spex Industries, Inc, is a device Further information on the Swiss 
ae) for photographing a 4 digit number made instrument in be obtained 
om a negative for reference pur. from Victor G. Herman, 311 W 
ee poses. Metallographers, spectro- St.. New York 25 
graphers, X-ray diffractionists, mi- 
croscopists, and nuclear physicists e The operations and products of 
: ; who use photography for technical the Shielda ( p.. Newfield, N. J 
! purposes should find the instrument producers of chromium metal and a 
ET FRBRGES ON LABORATORY of value. Catalog 55F describing wide range of master and powdered 
the equipment is available from ferroalloy ire described in book 


[ cae 048 GeOvE bere Spex Industries, Inc., 80-56 230th St., let available from the company at 
Queens Village 27, N. Y. 99 Park Ave.. New York 16 
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ORDER YOUR BOOKS THROUGH 
AIME.-Address irene K. Sherp, Book 
Dept. AIME members given 10 pct 
possible. Please 
oder Government publications direct 


discount whenever 


trom the agency concerned 


Metallurgical Progress—2, Prepara- 
tion of Ores, t J. M. McLeod, Elec- 
tric Steel Production, by D. D 


Howat Non-Metallic Inclusions, 
I H. B. Be P phical Library 
Inc., $6.00, 71 pp., 19 A compre- 
her te af ‘ il ‘ the sub- 
w and dis- 
itive value of the 

rx 

ld 
Science Exhibits Helen M. Dav 
pp., 195 
1 ¢ 


PROFESSIONAL SERVICES 
Limited t AIME members r to com 
thot hav of least ne AIME 
Rates $40 per 


eor per inch 


ember on their statts 


OR. B. EGEBERG 
Meta ‘gical Consultont 


Meriden, Conn 


LEDOUK & COMPANY 


sf 
SHIPPERS REPRESENTATIVES 

| 55° Alfred Ave Teeneck, New Jersey 
| MAX STERN 
Consulting Engmeer 
werk | Mowte Plonts 


| 149 Broedweoy New York N.Y 


H. L. TALBOT 


Consulting Metallurgical Engineer 
or 


Room 330. 84 Stete St. Boston Mons 
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Books for Engineers 


Metalurgia General, by Emilio Jim- 
eno and F. R. Morral, 2 vol., Uni- 
versity of Madrid, $10.00, 1323 pp 
(In Spanish) 1955.—The book is in- 
tended to serve both as a text for 


students and as a reference for en- 
gineer cientists, and technicians 


in Spanish-speaking countries. The 


work should also be of value as a use- 
ul reference for those whose mother 
ongue not Spanish. Dealing with 


all aspects of metallurgy, the topics 
organized 
tjook obtained from Aguilar, Juan 
Bravo 38, Madrid, Spain 


ire well presented and 


Professional Engineers’ Income and 
Salary Survey 1954 to 1955, N: 
Society of Er gineers, 


Professional 


$1.00, 50¢ to NSPE members, 43 pp 
195 The nformation in this sec- 
ond biennial irve based upor 
ve 14.006 juestionnaire returned 
" ember f the ciet Data 
t type pl nt, incn f 
‘ eer fe ind kind of w K 
if f « neer and on 
ilaries they earned 


Ultrasonic Engineering, by Alan E 
Crawford, A lemic Pre Inc.. $8.00 
344 py 195 With the advent 
magnetostrictive materials as 

irce f ultrasoni nergy work 
n the effects and uses f high ir 
ter t ipratory vVave creased 
rat Numerou pp atior of 
iltra r ce nave pecome 
firt estat hed, and the proces 
is entered the province of the en- 
gine¢ Tt book pplies the basi 
theory essential to the essful ap- 
t at f the ethod while the 
pract apt at s presented are 
base experience and an exhaus- 
t irve f current British and 
American practice 


Principles of Metal Casting, by Rich 
ard W. Heine and Philip C. Rosen- 


thal, McGraw-Hi Book C Inc 
$7.50, 639 pp 955 A comprehen- 
‘ i ip-to-date treatment of 
eta t that can be used either 
for the general foundry processes 
or the more detailed 

tech : irse in basic foundry 
me gy. The metallurgy peculiar 
to the asting alloys am! foundry 
processes is presented. Prepared in 


peration with the Textbook Com- 


mittee re Education Div. of the 
Ar i Foundrymen’s Society 
the k can also be used for prac- 


e purposes 


Technical Publications, by C. Baker. 
Te} Wiley & Sons. Inc., $6.00. 302 


pp.. 1955 TI is a guide specifi- 
ally intended to aid engineers and 
ther technicians in the preparation 
f engineering manuals, reports, and 
ther types of technical publications 
It deals with the use of clear lan- 
guage, methods of presentation, the 


use of illustrations, and methods of 
reproduction 

Atomic Energy—A_ Realistic Ap- 
praisal, Atomic Industrial Forum, 
$5.00, 1955.—Proceedings of the 
forum held in May 1955, the volume 
presents industry and government 
estimates of the impact of an ex- 
panding atomic industry on private 
h and devel- 
reactor compo- 


activities, 


opment 
nent manufacture, fuel preparation 
and processing, and on special prob- 
lem areas 


Small-Angle Scattering of X-Rays, 
by Andre Guinier and Gerard Four- 
net, translated by Christopher B 
Walker, bibliography by Kenneth L 
Yudowitch, John Wiley & Sons, Inc 


$7.50, 268 pp., 1955.—The phenome- 


non of small-angle scattering and its 
physical significance is presented 
The application of this phenomenon 
in chemistry and metallurgy is dis- 
cussed in the last chapter in lan- 


t. The ob- 
ject has been to present the different 


types of 


guage for the nonspecial} 


problems that can be 


studied by small-angle scatter 

and the results that have ictually 
been obtained up to the present. The 
metallurgist should then be le to 


decide whether this technique can 
be of value to his work 

Handbuch der Mikroskopie in der 
Technik, edited by Hugo Freund, 
Verlag, Frankfurt 
mation and literature on this eight- 
work on miscroscopy in tech- 
nological fields is available from E 
Leitz Inc., 468-4th Ave 
16, N. Y. Volumes may be bought as 
a set or individually. They are fron 
$30.00 to $40.00 each and only in 
German 

Design of Prestressed Concrete 
Structures, by T. Y. Lin, John Wiley 
& Sons, Inc.. $11.50. 456 pp., 1955 


Umschau 


volume 


This is a systematic coverage of 
fundamentals intended to make 
present knowledge of prestressed 


concrete construction more widely 


available to engineers. Although the 
book deals essentially with design 
tantial space is devoted to mate- 
rials, methods for prestressing, and 


economic fact 


Gear Design and Production, b: 


Reginald Trautschold Columbia 
Graphs, $4.50, 204 pp., 1955.—Each of 
the various standard lasses of 
gears i bevel piral, et 

are taken up separately, and chap- 
ters on methods of production, mate- 
rials, and inspection are included 


llth Annual Convention, Magnesium 
Assn., Magnesium Assn., $5.00, 140 
pp., 1955.—Bound copies of all papers 
presented at the 11th annual conven- 
ilable from the asso- 
at 122 E. 42nd St.. New 
rporates 12 


graphs, and 


ook inc 


SIMPLEX Ferrochrome 


the most economical grade 
of low-carbon ferrochrome | 
eee for any use 


Are you taking advantage of the savings possible 
with ELECTROMET’S SIMPLEX Ferrochrome? 


ANALYSIS ‘SIMPLEX’ NO. 1 ALLOY | “SIMPLEX”’ NO. 2 ALLOY 
1x r | 1X ) 
| I 
x’ N “ 25 pe bon max j plex” Ni alloy are availat 


CHECK THESE ADVANTAGES: For additional information please contact the near- 


est Erectrromet office. Ask for the ELecrromet 


priced low-carbon ferrochrome booklets entitled, ‘Melting Low-Carbon Stainless 


ELECTROMET's “Simplex” alloy is the lowest 


Steel” and “Reducing Period in Stainless Steel 
/ The carbon content is extremely low Melting.” They show the advantages that can be 


/| The alloy is suitable for producing all obtained in producing low-carbon stainless steel 
. grades of stainless steel with “Simplex” ferrochrome 


The terms “Electromet™ and “Simplex” are registered trade-marks of Union Carbide and Carbon ( orporation 


ry 
A Division of Union 


ELECTRO METALLURGICAL COMPANY 


arbide and Carbon Corporation 
East 42nd Street New York 17. N. Y 


TRADE 
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SHIELDALL 
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TANTA\ 
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INDUSTRIES 
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— following employment items are mode 


ovailable to AIME members on non- 
profit basis by the Engineering Societies Per- 
sonnei Service inc., operoting im coupe 
with the Four Founder Societies. Local offices 


57 Post St. Sen Francisco; 84 E Randolph St 
Chicago 1. Apx nts should oddress all mo 
the proper key numbers in core of the New 
office and inchute & stomos for for 
warding ond returning plication he ap- 
sree ‘ n a position by 
meor the the pilocement 
ee ¢ b ervice AIME members mo 
ween etin of positions ovoiloble 
$3 orter, $12 o yeo 


POSITIONS OPEN 
Metallurgical 


assist chief 


Engineer, young, to 
f etallurgist in labora- 
tory and production problems. Non- 
ferrous metals, including brass and 
ected to cold working 
Technical 

$7200 a 
Pennsylvania 


aluminum sub 

annealing proc 
Salary. $6000 to 
year Location 


W2456(a) 


esses 


legree 


Metallurgist, 25 to 40, master’s de 


gree with minimum of three years 
experience, for research and devel 
pment work in the nonfe s field 


Salary, to 


northern 


Physicist or Metallurgist to handle 
germanium growing for transistor 
wi without 
alary, to $7500 a year 
New Jersey. W243! 


and diode sectior with or 


Senior Chemical Engineer, 25 to 
33, B.S. in ChE. or 


neering, with 3 


metallurgical 
to 5 years expe 
! ical industry 
Experience could be in pr 


ence ir heav’ hen 


cess de 

eloy ent and control, s ipervisory 

w design. Will perform analysis of 
cher i plant proce problems 
fror both technical and economical 
aspects Make reports on same 
Salary per Location, California 


Plant Manager, 40 to 45, mechani 


eal} 
vais 


cal irgica eng e¢ 4 
graduate with at least 10 ears 
inagement and production eng 
nee neg experience r anufacture 
small electromechanical devices 
Salary, $15,000 t $18,000 a year 


Locati« n New Jersey W2377 


Metallurgical Engineer, young, for 


training, leading to a position on 
production supervisory staff. Prefer 
a veter also should have been in 
the nme industry three to seven 


acquired some expe 
in a production 
the 
zinc concentrates 


W235! 
Continued on page 1291 


engaged ir 


Location, Southwest 


Now Yosh 18; 100 Fornesoth Ave, Be 
é 
d 
I 
Prefer ‘ 
W ear 
wr powde ym METAL 2453 
py 96 ane powoe’® snd peLLeTs 
TUNGSTEN TANTALUM 
3 
Bow y tor 
= 
VANA 
row ee 4 vers 
. seer yANAD uM 
powoe® 
rience 
yperation 


ELECTROMAGNETIC PRESSURE 
CIRCULATES MOLTEN METAL 
— In this 60 Cycle — 


Heat is generated only in the melting 
channels. Controlled stirring (neither 
too much nor too little’ guarantees uni- 
tormity of metal temperature and alloy 
composition and also leads to efficient 
melting of light scrap. Tiresome puddling 
is eliminated. The metal is held entirely 
in an inert refractory lining. The atmos 
phere is cool and free from contaminat 
ing gases 


Wo Other Wethod 
Enables such Completely 
CONTROLLED MELTING 


Today, AJAX builds a complete line of 
these time-tested furnaces in standard 
sizes up to 333 kW for the dependable 
melting of aluminum, brass, copper and 
zinc. Units for special applications are 
carefully engineered to specifications 


TWIN COIL 
INDUCTORS 


Lead Noun- Ferrous Melting 


The sectional view above shows the twin coil stirring ac 
tion of the 100 kW Ajax-Tama Wyatt 60 cycle induction 
furnace. Heat induced in the secondary channels below 
is conveyed throughout the melt by electromagnetic circu 
lation as shown by the arrows. The 100 kW furnace shown 
here is one of a family of twin coil furnaces available today 
for melting rates from 300 to 10,400 Ibs. per howr 


For Further Information, Send for Bulletin R-43 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


AJAX ELECTRO METALLURGICAL CORP. and Compares 


AJAX ELECTRIC CO te 
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‘Round and “Round the flywheel goes, at a speed of 300 mph 
Suddenly, an aircraft wheel assembly rams against it, with the 


impact of a loaded airplane. The tire squeals, the brake is applied 


and in just 20 seconds the wheel stops. A real rugged test—bath for 
the wheel assembly and for the steel in the flywheel. USS “T-1 

Steel passed the test. In fact it is the best steel that could be used 
for this high speed application 


q 
— 
- 


HERE BECAUSE 


great strength 
“§..-its ease of fabrication 


High speed tire, brake, and wheel test 
ing machines like the one shown here, 
manufactured by Adamson United 
Company, Akron, Ohio, a subsidiary of 
United Engineering and Foundry Co., 
are used to prove out aircraft landing 
gear. The gigantic flywheels on these 
machines simulate the speed and inertia 
of an actual airplane during landing 
and take-off. 

Until a short time ago, testing 
machines were built to rotate at periph 
eral speeds up to 250 mph. But when 
the aircraft industry spread its wings, 
faster testing machines were needed 
The new machines had to rotate at 
speeds as high as 300 mph—and stay 
in one piece. They had to be extremely 
strong . lightweight . and easy to 
fabricate 

That’s when USS “T-1”" Steel en- 
tered the picture 

For flywheels rotating 300 mph, a 
steel of extremely high tensile strength 
was needed to withstand the tre 
mendous stresses generated. A steel 
permitting the greatest strength for the 
thinnest section was needed. And, 
above all, the steel had to be capable of 
developing full 100°, weld strength 

USS “T-1" Steel more than met all 
Adamson United's requirements 

Other steels could have provided the 
strength and met the weight require 
ments. None but “T-1” provided these 
and good weldability too 


*T-1" Steel's unique combination of 

physical properties has solved many 

similar problems. ““T-1" can be welded 

satisfactorily without pre- or post-heat 

ing—it can be welded either in the shop 

or field. Always, it provides great ten 

sile strength (105,000 psi minimum 

with yield strength of 90,000 psi mini 

At 

UNITED STATES STEEL SUPPLY DIVISION, WAREMOUSE DISTRIBUTORS cellent abrasion resistance. Write for 

UNITED STATES STEEL EXPORT COMPAKY, NEW YORK full particulars. United States Steel, 

Room 5053, 525 William Penn Place, 


77) Pittsburgh 30, Pennsylvania 
CONSTRUCTIONAL ALLOY STEEL Us) 
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3, fa ta 
re 
3 
4 
| 


TITANIUM META Either ex- 
PROCESS DEVELOPMENT perienced mon or one interested im en 
tering this field covering titanium pro 
METALLURGIST tering this field covering titanium pro 
e 
e r new er osition ngs, sheet, strip ond wire Work w 
3 
ex mes eve ment nciude both the technical and produc 
es? tion tion aspects of moterica Send informo 
tion giving educction, experier« oge 
efining roc references, etc 
wit? 29 West 39th St New York 18. 
Te es & 


SUPERVISOR 
EXTRACTIVE METALLURGY 


METALLURGIST RESEARCH 


needed os Process Metallur Excellent opportunity for experi 

gist in bross m monufacturing enced metallurgical engineer to 
bery atv pper phospnor-bdbronze supervise extroctive metoliurgy ond 
' ver in the form of re dressing ction. Graducte 

t ~ i rod study in this field or the equivalent 
snd oractice werience desired 

writ 3 giving oge practice experience oe 

. 4 y de it nterest in and knowledge of mod 
rv tment The River erm reseorch methods required 
Met mn HH K Permanent position in outstanding 
mopar nec Riverside research laboratory offers unusuc 

any v 
ew Jersey pportunity for personal and or 
fessional! advancement Salary 
commensurate with quo fications 
Replies held confidentic Send 
resume ft 


Box L-29M AIME 


SVULVANIA'S rapid crowth in the 
METALLURGICAL 29 W. 39 St., New York 18, N. Y 


At } ray field has created impor 
r rt re deve 
Hor 
‘ r roce 
‘ extractive welding, and 
rator Ha ‘ I met Her excellent 
for promotion and ind METALLURGICAL GRADUATES— 
an 4 es ‘ nd 
4 Ovenin 3s in m | production meto! 
eve mer tortir 
pe to urgical group and laborotary in 
tat ‘ producing high speed steels 
‘ tox steels. stoiniess, high tempera 
tage “pt o ture alloys and mony speciaity 
f an we ‘ ir vor For proms 
ntident nsideration steels Ww consider both experi 
nterest n these fields Reply 
The nne| Manager giving of education, exper 
BATTELLE MEMORIAL INSTITUTE ence ferences, etc. Address 
repiies rsonne! Deportment 
nive clops Corp 
Bridgeville, Pennsylvania 
INTERVIEWS 


AT THE NUCLEAR 
SCIENCE 4 


ENGINEERING 
CONGRESS PHYSICAL METALLURGISTS 
Dec. 12 through 14 METALLURGICAL ENGINEERS 
wopapere for an expanding 
Atomic Research and Development Program 


nay mow 
Metal and Physicel for fundamental and development 
‘ stron m metols including fue nd ther 
net <ioted with reoctor techr Opportunities 
nterested x-roy technique, especially those with experience 
TT TT tie 
Metallurgical Engineers Metallurgical Engineering development work 
and testing prototype tue elements including oa J 
For these not attending the Cleveland pect metal working ning, etc 
Congress, please write directly te Three week noua! vocation 
Mr A b+ ry vision A tive k leove 
sotior group imsuronce 
V ANI \ hosgutoli zation medico! pions 
S\ L f f Assistance giver r Staining housing 
PROOUCTE tor? Mote! for gie people 
Yneortunities for promotion 
aysid ¢ island, N. tote tet nf etter t File 10A” Atomic Energy of Conado Limite 
k Rive Ontar 
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SOLID STATE 


Personnel, continued 


Metallurgical Engineers with vac- 
uum metallurgical experience, either 
in the field of vacuum melting or 
casting, vacuum sintering, etc. Pro- 
duction processing experience de- 
sired. Salary, $4800 to $6600 a year. 
Location, upstate New York 
W2413(b) 


Metallurgical Engineer, degree in 
metallurgy and an interest in alloy 
development work for high degree 
and corrosion applications. Salary, 
$4800 to $6000 a year. Location, Ohio 
W2350D 


Process Development Metallurgist 
(No. 28), 30 to 45, B.S. in Ch.E. or 
metallurgical engineering Back- 
ground should either be heavy in 
metallurgy with experience in melt- 
ing and casting, or chemical engi- 
neering ability in handling heat 
transfer and thermodynamic prob- 
lems. Will make studies of molten 
metal handling, direct chill casting 
of ingots for the production of 
wrought products, refractories for 
aluminum melting, metal reclama- 
tion, application of physical chemis- 
try to aluminum manufacturing 
processes. Salary open. Location, 
state of Washington. W2324S 


Metallurgist, ceramist, to lead pro- 
grams of materials and process de- 
velopment in field of cemented 
tungsten carbides. Degree and five 
years experience desired in powder 
metallurgy processes or refractory 


U j ... Majord¥™ Supplier 
alloy development. Strong theoreti- 


cal background preterred plus QF Vacuum Melted Alloys 


familiarity with power metal proc- 
essing technique and equipment. Lo- 


oo to the Aircraft Industry 


Metallurgist with degree in metal- 


gical engineering and experience 
lurgic erir = the output of a second 1000-pound fur- 
in acid and basic melting practices 
and sand control for company oper- UTICA nace—in addition to other smaller furnaces- 


ating a steel foundry. Location, the Metals Division at Utica has become one of 


Pennsylvania. W2281 


Vacuum Melting 


the largest producers of vacuum melted alloys 
Assures: 


Experience gained in literally hundreds of 


Process Engineer, up to 35, degree Metals of very high cleanliness 
in chemical engineering, chemistry with virtual elimination of inclu melts has led to regular and consistent volume 
or metallurgy. Will act as assistant sions and contaminants production with the most rigid control of the 
in sales dept Trouble shooting and Meximum uniformity of chemical properties of the alloys. 
some laboratory work. Will also composition from melt to melt 
make customer contacts and do in- Greatly improved physical proper In addition, Utica, alone, offers not only static 
ter-office work. Salary, $5400 to ties to withstand extreme stresses but centrifugal castings as weH. The latter 
lew > r larly at 
$7200 a year. Location, New Jersey — . particularly & often permit significant reduction in costs. 
W2278 ze high tempera 

ig: tures - \ 
ye, Ps The Metals Division at Utica invites inquiries 


Research Metallurgist, under 49, 
interested in engaging in govern- 
ment sponsored research in the field 


Por the fall from prospective customers 1 hrough refine- 


story of Utica ments in technique, costs are constantly being 
Metals Ditision 


of high temperature alloys and pow- Vocovse Mf tocuum melt reduced—and the Division is glad to work 

der metallurgy. Should have an en closely in resolving the customers metaiiurgi 

gineering degree, preferably in the cal problems 

field of metallurgy. Should have Se —_——_ 


materials testing. Must be U. S. A 


some industrial experience in physi- Wi, 
Mier of our facilities be 
cal metallurgy, powder metallurgy, subject te pricrity of WZ 
citizen. Salary, $5200 to $7500 a ALLOYS 

year. Location, New York metro- 


metal working, metallography, and national defense orders. 
politan area. W2141 UTICA DROP FORGE AND TOOL CORP., UTICA, N. Y. 
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HARBISON-WALKER 


AND SUBSIDIARIES 


URNAL OF METALS DECEMEER 
REFRACTORIES SERVicE 


90 


‘ 
i 
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COPPER 


SMELTER 


REFRACTORIES 


reduce operating 


Please 


technical service. 


Cross-section of typical copper 
converter, showing refractory lining. 


REFRACTORIES COMPANY 


World's Largest Producer of Refractories © General Offices: Pittsburgh 22, Pennsylvonia 


extend furnace life. .« 
Increase production... 


DECEMBER 1955, 


costs... 


A single basic refractory having universal appli- 
cation in metallurgical furnaces can only be 
visionary. The selection and use of the refrac- 
tory best suited for each specific requirement is 
reality—upon which depends the most desir- 
able results. Harbison-Walker produces no less 
than 12 different classes of basic brick, and in 
addition various basic menolithic materials and 
cements. These provide the particular kinds 
that serve best for every individual need. 

Included in this complete range of commer- 
cial basic refractories are CHROMEX B, the 
extra hard fired chrome-magnesite brick, and 
H-W MAGNESITE brand, a superior high 
magnesia content brick having also enhanced 
physical properties. These continue to make 
splendid records in copper converters. 


consult Harbison-Walker 
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INSTALLED COST LESS because: 
(1) the Whiting furnace foundation is simple 
(2) itis completely assembled before shipment and shipped . 
as fully assembled as practical 
(3) cables are completely assembied 


When you plan Ail (4) all in-boerd wiring is finished and terminated at coded 


(1) OPERATING COST IS LESS becouse: 
~ (5) electrode consumptior is less 
é ectric UVHaACE eee (6) electrode breakage is practically non-existent 
(7) electrical energy usage for comparable operations is 
top-charge, electrodes, furnace tilt and electrode 


(8 
COMPARE COSTS PER TON OUTPUT ” ‘clamps ail operate quickly and efficiently 


(9) transformer is designed to do the best job 


In these highly competitive times, we must be penny (10) faster heats, more tons per hour 

wise and pound-for-pound-wise in figuring the costs MAINTENANCE COST 1S LESS 

of an electric furnace. Cost per ton of output is the (11) fewer working parts 

wise way! So compute your costs by considering all 12) conveniently arranged working parts 
factors' Here is why the Whiting Hydro-Arc Electric (13) roofs are interchanged in 15 to 30 minutes 
Furnace costs less per ton of melt! (14) refractory costs are at least 15 per cent less 


(15) top-charge always in alignment 
(16) all parts exposed to excessive heat are amply water- 
(17) smooth hydraulic operation of electrodes, furnace 
tilt, roof lift, and swing 
So when you are buying an electric furnace, consider in- 
stallation, operation and maintenance costs, quality of 
product and speed of operation. You'll find that Whiting 


) 4< melts cost less. Let us prove it to you. Talk things over 
ye with a Whiting Hydro-Arc Engineer! 


WHITING CORPORATION 


15602 Lethrop Avenue, Hervey. 
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E RECEIVED a press release this month head- 
lined: False Science Taught in Nation's High 
Schools Defrauds Future Scientists. The words are 
Dr. Robert H. Carleton’s, executive secretary, Na- 
tional Science Teachers Assn. He was decrying the 
laxity of many American high school administrators 


and boards of education in allowing “vital and sig- 
nificant experiences for the country’s future scien- 
tists to be frittered away by so-called ‘demonstration 
methods’ in place of student laboratory work.” These 


are strong words, but they describe one aspect of 


education all too evident in our own experience 
the tendency to make science and engineering ap- 


pear too easy 
In recent years, the New York Engineers’ Com- 
mittee for Student Guidance has been sending teams 


to high schools in the area to acquaint young men 


with engineering. These men are chosen to represent 
one segment of the engineering profession and to 
present the highlights of their specialties. The staff 
of AIME participates in this venture by presenting 
the fields of geology, mining, and metallurgy 


When we spoke to the high school students in the 
Metropolitan area, the most persistent and recurring 
inquiry during the conference was this: How much 
math do I have to take? Math, it appears, is the big 
stumbling block to high school] students—they hate 
it and want nothing to do with it 

Why’? 

They have no hesitancy in telling you that they 
think it is nothing but unrelated nonsense. If train A 
starts from Chicago at X speed and train B from 
New York at Y speed, where will they meet’ In high 
school jargon: If they do meet, there will be one big 


wreck 
Mathematics and Science 

Mathematics and its dependent sciences cannot be 
taught by the demonstration methods Dr. Carleton 
so rightly decri There is nothing to be gained by 
disguising the difficulty of learning e can pour 
chocolate syrup over mathematics and science and 
croon soft words about these subjects, but the 
ht hard fact remains. These are intellectual 
‘iplines requiring application of mind and heart 
any students leave high school with a false 
ssion about science, enter college, and then 
hat scientific or engineering curriculum is a far 
he “demonstrations” they witnessed in 


ut complete responsibility for teaching science 
cannot be shrugged off onto the already overbur- 
dened shoulders of the high school teacher. The sci- 
entist and engineer in industry have an obligation 
to find out what is discouraging high school students 


e engineering curriculum and to help with 


tion between scientist and teacher would 


Cooper 
bring about some results, but there is a more subtle 
principle in this situation best illustrated by Pat and 
Mike. Pat was selling his donkey to Mike with the 
advice that all would go well as long as Mike used 


kindness in his relationship with the little beast. The 


next day Mike went to the stall, crooned soft words 


to the animal, patted his nose, and tried to lead him 
from the stall. The donkey wouldn't budge 
Just then Pat passed by and sized up the situation 


Waving Mike aside he picked up a big plank, 
t 


planted himself firmly, and gave the donkey a ter- 


rinc walloy n the behind The donkey leaped Up, 
went to the little cart, and stood patiently waiting 
to be harnessed 

Mike was flabbergasted at his friend’s action “7 
thought you said to use kindness with this donkey, 
he finally stammered 

Pat nonchalantly shrugged his shoulders Before 
you can use kindness,” he said, “you've first got to 


get his attention"’ 


Implication of Studies 


The problem of attracting the attention of high 


choo! students to fundamentals, in tl case mathe 

matics, has been the ubjex of a tudy by hiagl 
school teachers of six western states who spent two 
weeks at San José State College, Calif. The teacher 

were selected by the Future Scientists of America 
Foundation of the National Science Teachers Assn 
One way in which these teache! nope tk make 
the study of mathematics more interesting is by re 

lating problen and exercise to the latest p! ced - 
ures being followed in industrial research 


laboratories 


Thile in San José, the teachers visited 40 indus 


trial plants and laboratori They interviewed 
research scientists and others who are applying 
mathematics to the improvement of manufacturing 
process New problems and exercises, based on 
their observations, are being prepared by the high 
chool teachers for publication by the Future Sci 
entists Foundat r 

rt a good firm step in the ht direction. It 
Wil how the tudent tha iigeDra iead trigo 
nometry t it ptive geomet to calculus to dif 
ferential equat edicting the beha’ jet 
aircralt, t ige ind s pel It will show the 
tudent that mathemati ind jence go hand in 
hand, that the peopie wi ise them are the prime 
nitiat and cata t fy gre that it taKe ich 
people to keep u ng, tu it the technologi 
al nece ti I fe a Ne e it, and it lake peo 
ple like these to make arms for the defense of life a 
we love it these scientist ind engineers are, at one 
and the same time, the maintenance men of our civi- 
lization and the pioneer! f material progres 

And most important, it will show them there 
is no easy way. The wallop in our professior the 
challenge of constant learning and the striving to 
understand physical pher ena. Progre is hard 
work. When the high school student realizes the 
great implication f} tudie we are ire that 
many more will accept the thrill of it and take the 
exacting college curriculum in tne tride 
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A’ POMATIC control systems are not new to the PAOUSTRIAL television has been put to a new and 


ive a inique use on the massive 35,000-ton forging 
E le in the industry wth and de pment and pre in the U. S. Air Force Heavy Press Plant at 
, become en ! f nt in the futu im ( f America’s Cleveland Works. The 
the of W H tant ‘ which { ge sections for aircraft is SO power- 
resident, rese h and techr f i S. Stee il that an off-cente ad might unbalance its pre- 
} Pittsburgh accurat even ruin the entire machine TV 
H mar it that aut at nt it UF hazard 
ystems fter ee? methir re e" i- Tt TV camera located in the pres foundation 
t i ire in realit he « itior t 1 of tl to keey atch on a hydraulic mechanism indicating 
3 lustrial ex my The adv é tinuou entric ading. If the televised picture indicates 
sutomatic productior n the meta i Kil } ‘ off-cente oading, the press operator is 
t the te 4 tot ese ‘ t 1 and can take mmediate emedia action 
Y hie } how ‘ the tee : t I technique i boon to forging die design- 
eas oth ie ¢ nanu ‘ a} ireful ch t causes of eccentric 
r Ca ne t rT ate detect mn tuture ools 
it I were ped, and In the forging press, compensation has been 
t ‘ t tw en in an a nditioned pulpit , wed f i limited amount of eccentricity. The 
‘ at least » % <9 mot totalling up t lewre f deflection must be measured by the 
, tretching i huge tie rod which hold the press 
ge lat t manufactu m the withis perating limits Distortion is reflected 
ea neet na n the f nva ilic cylinds at each corner of the 
>) r iu ne | r each cy] der are 
i i I i ‘ I nected to a mechanism viewed by the TV camera 
: troit-type mat As exan f this M rt echanism duplicates in miniature the observed 
When the pre is centrally loaded a beam of light 
tor focused the center of a diamond shaped gage 
ear f m the centé towara 
ng the ocation of 
ne é Noting tl movement, the press operator 
I ent dan t the machine Dy taking cor- 
tt te at tion. Should he fail to act quickly enough, 
‘ t t touchir th boundary of the diamond- 
N HH t tica take the contr« from the 
ng all movement before the press 
! t t ‘ lamaged 
4 


pmet ind nse 1a ‘ The television comera is located im the foundation of the 


press and focused on the diamond goge. A picture of the 


na i goge shown on the receiver ot the operator's control 
Han station 
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“Trends 


HE new $1.5 million research laboratory of Jones lege graduates. These are the people with the tech- 
Steel Corp. was dedicated last month nical and managerial know-how who keep our eco- 
n Moreell, J&L board chairman The nomy going at present standards 
ve ceremonies was reached when the “In 1953 there were about 237,000 employed sci- 
I ing the laboratory was unveiled entists chemists, physk sts, geologists, and biolo- 
The plaque was inscribed: “The Graham Labora- gists. There were 185,000 practicing physicians 
torv For J&L Research Named in Honor of Herbert There were about 633.000 who called themselves 
Winfield Graham whose long career with Jones & engineers, 361,000 of whom have college degrees 
Laughlin is a symbol of devotion to the progress of Thus the ‘scientific segment’ of our working force 
his company, the encouragement of its scientists and now numbers something like a million people-—one 
engineers, and the broad development of industrial out of every 60 workers.” 
research.” The honor of having the new laboratory Dr. DuBridge concluded, “ Il think we would 
named for him came as a surprise to Mr. Graham all have less concern about the total number of 
Located on a five-acre Site overlooking J&L’s scientists and engineers Ww¢ produce if we could be 
Pittsburgh Works on both banks of the Mononga- sure we were producing a few men of really top 
hela River. the laboratory is just upstream from quality. We should, therefore, have special concern 
Golden Triangle Currently, the total for the men of the very highest talent—the men 
div. staff numbers 127 people, some of who will make the major advances in engineering 
ain at the steelmaking and coal chemicals and research, the major advances in understanding 
lat ator idjacent to the Hazelwood section of human problems, the probl ms of operation and 
J&L’s Pittsburgh Works and others who operate the management of a complex industrial society.” 
jivision’s ore research laboratory at Negaunee, 
Mich. Investigative programs cover all phases of 2eeeoeo 
J&L’s operations from raw materials processing, cone 
on and steelmaking, production of finished steel MPLOYING an extremely high temperature, high 
products, organic chemical processing, an i develop- velocity, constricted arc between a tungsten elec 
ment of new instruments for automation and quality trode and the metal to be cut, Heliare cutting offers 
control promise of revolutionizing nonferrous fabrication 
Climax of the day’s dedication program came at techniques. Developed by Linde Air Products Ci 
the dinner iz e Duquesne Club. Lee A. DuBridge, div Union Carbide & Carbon Corp., this new 
president ‘nia Institute of Technology, method increases cutting speed, permits the making 
spoke on tual Resources: A Growing of saw-like quality cuts, and greatly reduces cutting 
Scarcity and edge preparation costs 
The key figure of the future,” said Dr DuBridge, The concentrated and columnated energy of the 
s the man with his feet on his desk—think- Heliarc arc stream melts and ejects a thin section 
ng.” Modern American civilization, he continued, of metal to form a kerf. This jet-like action removs 
perated by a working force of about 60 million the molten metal mechanically, and the gas atmo 
persons, only one fifth of whom are classified as phere prevents oxidation of the cut face Because 
unskilled laborers. About 40 pct of the workers are Heliarc cutting is adaptable to mechanized or manual 
high school graduates and 7 pet have finished operations, it should find immediate use in the alu 
college minum fabricating industry 
™M eover.” Dr. DuBridge pointed out, some 5 ly n the cutting of aluminum normal mechanized 
million men and women—nearly 10 pct of the work- cutting speeds are 300 ipm in %-in. material, 125 in 
ne fe ire classed as ‘profs onal, technical 14-in. metal, 75 in %4-1n plate, and 50 in 1l-in. ma- 
I kindred worker These are the scientists, the terial. If a lower cutting speed jesired it can be 
joct ind nurs swyers and ministers, teachers obtained by adjusting the control It can be used 
and libraris engineers. etc. Seven out of eight of mechanically or manually, in any position, for cut 
these finished high school and half of them are col- ting straight lines, bevels, circles, and shape 
A 


Heliarc cutting pro 
5 duced these sow - like 
‘ Process reduces cut 
aration costs 
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Two of Allegheny Ludium's Swindell Electric Melting 
Furnaces—from a painting by Howord L. Worner 


The latest Allegheny Ludium electric melting shop— 
designed and constructed by Swindell-Dressler Corp. 


ii 


ALLEGHENY LUDLUM 


—One of the World’s Largest Producers 
of Stainless Steels 


ELECTRIC ARC MELTING FURNACES 


From the original Swindell electric furnace The high utilization factor of Swindell fur- 
installation for Allegheny in 1924, to the 65 naces, plus the top operating know-how of 
and 75-ton Swindell units serving Allegheny Allegheny Ludlum specialists, produce effi- 
Ludlum Steel Corporation today, the dominant ciently a great annual tonnage of stainless 
characteristic has always been performance steels to unsurpassed standards of quality. 


SWINDELL-DRESSLER Corporation 


Builders of Furniuces for the ron and Steel Industry Since 1850 
PITTSBURGH 30, PENNSYLVANIA 
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At low heat-hour cost erican Gas Furnaces Company, Eliza- 


Nichrome muffle...able to handle 
corrosive gas for 5% years at 1600'F 


Ha 
<A 
por ng gases, 
ng high 
ar 
ria If ll 
Nichrom al ex r wi ir 
eat treat- dustry, § letails your 
i extens elv for diff ty for r suggestions Write 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Inland Steel Co. nas planned a three year expansion program for 
its East Chicago plant. Steelmaking capacity will be increased 


15 pet to Cc million tons annually by 1959. A 50 pet increase 
is also planned for cold rolled sheet. 


Fansteel Metallurgical Corp. will expand its, tantalum-columbium 
production. Estimated cost of expansion is $1 million with 
uilk of investment to be used on chemical: processing equipment 


and electric furnace equipment. 


The iron and steel planning commission of the French Government has 
proposed to increase French crude steel production, including 
that of the Saar, to 21 million metric tons a year by 1960. This 


would raise production by approximately 57 pet over 1954. 


Hans Thirring, Viennese physicist, has indicated that the rare 
isotope of lithium, Li 6, may be the key to controlling thermo~ 
nuclear fusion. If this is true, he pointed out that fuel supplies 
would be ilamited by the reserves of lithium. 


Production of germanium oxide has been started at the Oolen Works 
of the Societe Generale Metallurgique de Hoboken in Antwerp, 
will also produce high resistivity germanium 


Belgium. The plant 
metal ror the electronic industry. 


Perfect crystals of gold, silver, platinum, copper, nickel, anc 
e n 


ys 
cobalt have been grown by 5S. S. Brenner, General Electric Co. 
The process involves the us of a high concentration of metal 
in the form of gas obtained either by chemical means or by 


boiling the metal. 


Continuous cast bearing bronze is now available in sizes from 5 to 
9 in, diam, in many foundry alloys and a variety of shapes up to 
tS ft long, according to American Smelting & Refining Co. The 


continuous casting unit used is gargantuan compared to previously 
existing equipment. 


Recently, Atomic Energy Chairman, Lewis L, Strauss, quoted a 
survey made by industry forecasting nuciear power piants in- 
vestment of $7,5 billion Dy 1965. Tnis surve} indicates iarge 
plants will be able to operate on an economic basis by that date. 

A $200 million program by National Steel Corp., will add 1 million 
tons to its annual capacity. E. T. Weir, National Steel chairman, 
called for an immediate increase in steel prices to help companies 
pay for expansion programs like this one 
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= ADAMANT 
| HIGH HEAT DUTY 
FIRE BRICK 


ADAMANT: 


ADAMANT High Duty Brick—exceptional quality, manufactured under exacting control methods . 
Pressed for density and Tunnel Kiln burned for uniformity of shape ond hardness. Meets the 

ADAMANT Cement—vunusually high bonding strength at room temperature, which increases os tem- 

erat y o> are ter bonding strength protects the structure oft the joints, where foilure usually 
t there? sf production is maintained; repcir costs and production mate- 

ved i, t (100 ond 500 Ib. air-tight drums). 


MULTI-PURPOSE 


HANGERS 


With the cbove, illustrated anchors all that may be required 
s lengths of 144° O.D. pipe for hanging the roof tile or os 
spacers behind the woll clip for 13%" and 18° walls. 

Write for litercture ond the nome ond 
oddress of your neorest BOTFIELD Industricl 


Distributor 
REFRACTORIES CO. 
SWANSON & CLYMER STS. 

PHILA. 47, PENNA. 


sid of the newly de 


BOTFIELD Mult purpose Anchors ide- 


302—JOURNAL OF METALS, DECEMBER 1955 


THIS COMBINATION means LONGER FURNACE LIFE | 
| 
SUPER ADAPATCH ° 
BOTFIELD 
| _ADACAST 
; 1s shown above, ADACAST enables you to 
boiler with the 
signed, 
scribed af right 


Electric Furnace Steel Committee 


Executive Committee 


Cc 
F 0 Lemmon Past Chairman 


RW. 


red 
A. Scheid, 


v Womerght 


AIME € x 
AK R Wilcos : 
tute of Technology 
Mickelson G Zipt 
Arr ee! Foundries Babcock G Wilcox 
Conference Committee 
Sioms, G. (C. Olson 
Clerk, Viee Waiter Purko 
D. A. Finch 
he Horrod ; Adom J Tester 
Pou! Lindberg Cc Vokec 
Natror arbor Massillon Stes 
Finance Committee 
w.P Albough R Kulp 
a. W. Dolly H. Orr 
Robinson Clay Product Vanod Ame 


Committee on 


Burke, Chomwmon V. 3. Nolen, Cheirmes 


vier Sons Cx bor 
C. Ahi, Jr j Girardi 
be Erich Timken Roller Bearing ( 
J.T Richey T 
ne shew Wyman 
1943 41989 585 
44 569 1950 620 be 
1945 500 1951 752 oa 
1946 546 1952 823 kar 
1947 569 1953 749 ba 
1938 534 1954 882 
1955 ? 


DL. CLARK 
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primarily —newly discovered vacuum 
techniques applied to forty years of in- 
duction furnace manutacturing experience 
And only at Ajax does this experience cover 
so many melting developments over such a 
long period of time. Successful vacuum melt- 
ing, as it comes from Ajax today, is just 


Associated agonies, Elect 
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The first 1000.\b vocuum furnoce to be put into production 
Photo courtesy Universal-Cyclops Stee! Corp., Bridgeville, Po 


another refinement in Ajax quality melting 
at production speed. 

The vacuum furnace illustrated above is 
typical of a number which are now being 
built for purer, stronger alloys in capacities 
from 5 to 2000 Ibs 


Electrothermic Corp., Trenton 5, New Jersey. 


For details, write Ajax 


ompony—Ajca Electric Furnace Co.—Ajoa Engineering Corp. 
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Technical Program 


Electric Furnace Steel Conference 


William Penn Hotel 


Pittsburgh, Pa. 


REGISTRATION Response 
Wednesday, December 7—9-00 am to 9:00 pm—Fort Duquesne Room By C. F. Staley, Chairman, Electric Furnace Steel 
17th Floor Executive Committees Announcement and Ré 
Thursday and Friday, December 8 and 9—8-30 am to 5:00 pm om 
Fort Duquesne Room 17th Floor 
9:45 om to 12:30 pm—Boallroom 
WEDNESDAY, DECEMBER 7 ELECTRODES 
Chairmen: 

Plant Trip: Leave by chartered buses from the Grar . 
St. entrance of the William Penn Hotel at 11:00 \. K. Bl h, Superintendent No. 2 and No. 3 Melt 
and retu not later than 5:00 pm. Plant trip t Shop, Reput Steel Corp., Canton, Ohi 
gher Ludlurn Steel Corp., Brackenridgs Pa. Box P. R. Go ‘ Metallurgist, Fahralloy ( H . 
lunches will be provided on arrival at Brackenridge I} 


l. Better Utilization of Electric Furnac 
Through Shop Training Programs 


Electrodes 


WEDN Y 
EDNESDAY, DECEMBER 7 Paper by J. W. Shea, Manager, Technical Service 
Electrcede Product National Carbon Cx New 
6:30 pm—Rooms 468-70 York, N. Y 
Electric Furnace Steel Committees Annual! Dinne Paper by Will Exton, Jr, Consultant, Electrode 
and Business Meeting Div., Great Lakes Carbon Corp., New York, N. ¥ 
All Chairmen of technical se ns are invite 
to attend 2:00 to 5:00 pm—Ballroom 
DEGASIFICATION 
THURSDAY, DECEMBER 8 
Chairmen: 
9:30 to 9:45 am—Baliroom A. C. Ogan, Suy t, Electric Furnace Dept 
U.S. Steel Cort Duquesne, Pa 
GENERAL SESSION I W. Sharp, Chief Metallurgist, American Stes 
Foundrte Veror Pa 


Welcoming Remarks: 


By C. E. Sims, Chairman, Committee for the Thir 1. Present Practices of Degasification of Liquid Steel 
teenth Annual Conference as Used in Various Stee! Plants 
Preprinted paper by Adam J. Texter, Superinten 
jent, Melting Dept., Firth Sterling Inc., McKee 
ANNUAL DINNER mae 
THURSDAY, DECEMBER 8 Preprinted pape! LF.B t, Plant Metal 
6:30 pn Urban Room, Reception and Cocktail ; Atlas Stee Lid We ( mit Canada 
Party for dinner guests v G Research Dept., Ke 
. r ee) ar r 
7:00 pr Ballroom, Dinner 1) by Et ~ Spire, Consulting Engines: 
Toastmaster: A. W. Thornton, Assistant to Vice Cc M tre 
President, National Tube Div., U.S Mas of 
. ior via r 4 ar Manag 
ees Co Resea Bethlehem Steel Co.. Bethlehem, Pa 
Speaker E. J. Hanley, President, Allegheny 
Ludlum Steel Corp., Pittsburgh, Pa 2. A New Approach to Degasification of Liquid Steel 
Topi How Will We “Charge” Tomorrow by Vacuum Treatment 
Furnaces Paper by Arthur Tix, Director of Research 
Gusstahlwerke Bochumer Verein A.G., Bochum 
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FRIDAY, DECEMBER 9 


9 30 om to 12.30 pm—Bollroom 


CLEANLINESS 


( hairmen 


l Factors Affecting the Cleanliness of Alloy Steels 


ent 


» Meltdown and Oxidizing Practice 


t. Reducing and Finishing Practice 


i. Film “Molten Steel Splash Patterns in Ingot Teem 
ine” as revealed by high speed motion pictures. 


> 30 om to 12 30 pm—Urben Room 


CASTINGS SESSION 


Chairmen 


‘ 
\ \ ‘ via 


1. Monolithic and Shaped Refractories for the Elec- 


tric Lurnace Roof 


L 
W 
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» I fect of Nitrogen on the Solidity of Medium 
ben and Low Alley Steel Castings 


tro Met Cc he nd, OF 
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Chromium Reactions in Acid and Basic Furnaces 

Preprinted paper by S. F. Carter, Jr., Assistant 
Melting Superintendent, American Cast Iron 
Pipe Co., Birmingham, Ala 

Written discussion by H. C. Templeton, Chief 
Metallurgist, Lebanon Steel Foundry Co., Leban- 
non, Pa 


Quality Control of Melting Practices 

Preprinted paper by H. H. Johnson, Director of 
Research, National Malleable & Steel Castings 
Ce Cleveland, Ohio 

Written discussion by G. A. Fisher, Chief Metallur- 
gist, National Malleable & Stee] Castings Co., 
Sharon, Pa 


2:00 te 5.00 pm—Ballroom 
MELTING OF STAINLESS STEEL 


Chairmen: 


Adam J. Texter, Superintendent Melting Dept., 
Firth Sterling Inc., McKeesport, Pa 

L. F. Weitzenkorn, Works Metallurgist, Armco 
Steel Corp., Baltimore, Md 


aper | R. B. Shaw, Manager Electric Furnace 
Melting Allegheny Ludlum Steel Corp., Brack 


enridge, Pa. Preprinted 


First Section—Covering Charge Through Oxygen 
Blow 
Paper by A. K. Blough, Superintendent No. 2 and 
N 3 Melt Shop, Republic Steel Corp., Canton 


Preprinted paper by L. G. Cotton, Assistant to 
Flect Furnace Superintendent, U. S. Steel 
( Duquesne, Pa 

Preprinted paper by A. J. Nimeth, Assistant Super 


ntendent of Melting, Rotary Electric Steel Co 
letroit, Mict 

uper by D. C. Hilty, Research Metallurg 
tro Metallurgical Co., Niagara Falls, N. ¥ 


Second Section—End of Oxygen Blow Through 

Slag off or Alloy Control Preliminary 

Preprinted paper by L. F. Weitzenkorn, Works 
Metallurgist, Armco Steel Corp., Baltimore, Md 

Preprinted paper by B. H. Brown, Superintendent 

f Melting, Je ssop Steel Co.. Washington, Pa 

Preprinted paper by D. J. Carney, Superintendent 
of Electric Melting, U.S. Steel Corp., Chicago, Il 


Third Section—From Slag off or Control Prelimi- 

nary Through Tap—Covering Deoxidizers, Tap 

Temperatures, and Ladle Additions 

Preprinted paper by H. M. Parker, Open Hearth 
Superintendent, Armco Steel Corp., Butler, Pa 

Preprinted paper by Charles Yutmeyer, Superin- 
tendent f Electric Furnace, Crucible Steel Co 


2.00 to 5:00 pm— Urban Room 
OPERATIONS; BULL SESSION 


Chairmen 


( B. Willian Works Manager, Massillon Steel 
Casting C Massillon, OF 
V. E. Zang, Vice President, Unitcast Corp., Toledo 


One 


Electric Furnace Arc Operation and Practice 
Paper by Willett Tibbetts, Superintendent of Melt- 
Canadian Car & Foundry Co.. Montreal 
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Electric furnace averages 
37% more heats per campaign 
with CORHART 104! 


CAMPAIGN RECORD 60-TON TOP CHARGE ELECTRIC FURNACE 


END OF CAMPAIGN TOTAL MEATS poe wane REFRACTORY REASON FOR LOST TIME 
5 10/52 86 12:10 No CORHART 104 Two large patches to walls and gunning time. 
8 28 52 93 10:20 No CORHART 104 Two large patches to walls and gunning time 
10 9 52 118 6:50 Some CORHART 104 Brick or gunning repoirs 
11 7 $2 103 12:05 No CORHART 104 Two large patches 
14 53 90 4:10 Ne CORHART 104 One large potch and gunning time 
2 5/53 105 4:35 No CORHART 104 One large patch and gunning time 
3/13 $3 126 4:25 CORHART 104 in “Hot Spots Patching top of wall and gunning woll 
4 16 53 136 11:40 CORHART 104 in “Hot Spots Brick repair to top of walls only 
5 26°53 127 8:55 CORHART 104 in “Hot Spots Brick repoir to top of walls only 
7 1 53 129 5:05 CORHART 104 in “Hot Spots Brick repair to top of walls only 
8 5 53 117 15:25 No CORHART 104 Three large patches and wall gunning 
9 23 53 9 5:10 Some CORHART 104 Brick and well gunning 
11/7 33 137 10:05 CORHART 104 in “Hot Spots Patching top of walls 
2 17 54 105 7:10 No CORHART 104 One lerge and one smal! patch 
4 11/54 151 10:20 CORHART 104 in “Hot Spots Patching top of walls 
5 31 54 146 12:35 CORHART 104 in “Hot Spots Three smal! patches to top of walls 
94 54 135 22:30 CORHART 104 in “Hot Spots” Patching top of wolls 
10 6 54 143 13:25 CORHART 104 in “Hot Spots” Patching top of walls 
11/17 54 135 4.05 CORHART 104 in “Hot Spots Patching top of walls 
Average heots per campaign without CORHART 104 100 
Average heats per campaign with CORHART 104 in “Hot Spots” 137 


and then cast into its final shape. It is used in 


Tut two and one-half year furnace log above 


shows that, when using Corhart 104 Electrocast sidewall wear in 


hot spots, to help balance 


Refractory, the operators of this 60-ton electric electric furnaces and open hearths. 


rnace aver d more 4 ampaign. 
furnace averaged ¢ more heats per campaign Write for complete technical information. If 


Yet the Corhart 104 rey resented only about 10% you wilt describe your operations, we'll be glad 


of the total sidewall tefractory requirements! to suggest applications and estimate costs. Corhart 
Refractories Co., Incorporated, 1622 West Lee 


Street, Louisville 10, Kentucky, U.S.A, 


Corhart 104 is a revolutionary magnesite-chrome 
refractory which is electrically-melted at 4400°F, 


ENDURANCE 


RHART 104 


ELECTROCAST 
REFRACTORY 


The words “CORHART™ and “ELECTROCAST™ are registered Trade Marks which indicate manufacture by Corbart Refractories Company, Incorporated 
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for Industries Everywhere 
GLC GRAPHITE ELECTRODES help make stainless and other 


high alloy electric furnace steels that find extensive uses in 
the products of industries everywhere. 
The performance of GLC GRAPHITE ELECTRODES is unsur- 
vessing of electric steels, foundry castings, 
1d magnesium. Our facilities have been greatly 
inded to keep pace with the growing emphasis on electric 
furnace steel production 


ELECTRODE DIVISION 


Great Lakes Carbon Corporation 


ADMINISTRATIVE OFFICE: 18 East 48th Street. New York 17. N. Y. 
PLANTS: Niagara Falls, N.Y... Morganton, N.C. 
OTHER OFFICES: Niagara Falls. N. Y.. Oak Park. UL. Pittsburgh. Pa. 


SALES ACENTS IN OTHER COUNTRIES: Great Nerthern Carbon & Chemical Co. Ltd. Ventreal. Canada 


Overseas Carbon & Coke Company, Inc, Geneva, Switzerland; Great Eastern Carbon & Chemical Co. Inc. Chiyoda-Ku, Tokyo, Japan 
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Survey of Stainless Steel Melting 
Points Up Rapid Progress 


by Richard B. Shaw 


steel ingot production has increased 
at a very fast rate since 1940 as shown in Fig. | 
Prior to 1946, when gaseous oxygen was first intro- 
duced in vast quantities to the electric furnace op- 
most low carbon stainless heats were made 
with all virgin ferroalloys or partly supple- 
mented with a small percentage of stainless scrap 
As the steelmaker learned to use oxygen, he found 
he could use more stainless scrap in his heats than 
thought possible with a resultant lower 
final carbon and a shorter heat time 

With so much oxygen available, however, the 
steelmaker soon discovered that it would do most 
anything for him; that is, melt scrap and ferroalloys, 
change a wild heat to a sinking heat or a cold heat 
to a hot heat; if the silicon was too high at tap, it 
could be brought quickly to specification and 
tapped. During this probationary period of learning 
to use oxygen, standards for measuring quality also 
improved and tightened with the result that it 
came necessary to place a control on where and 
when to use oxygen because of its apparent effect 
on quality 

The ferroalloy producers have kept pace with the 
rise in stainless production, not only in ferroalloy 
production, but they have contributed immeasur- 
ably to the knowledge of high temperature furnace 
reactions by stimulating and thought-provoking re- 
search. The dozens of other suppliers to the electric 
furnaces have so improved their products that in 
spite of the adverse high temperature conditions 
encountered today on roofs, sidewalls, bottom and 
most steelmakers will agree that 


heretofore 


be- 


banks, ladles, etc., 


they would rather melt steel as it is done currently 
than revert back to the methods employed some 10 


to 15 years ago 

With the growth of stainless production, hand 
charged furnaces gave way to door charge furnaces 
and then to the top charge with its removable roof 
As furnaces increased in size, higher power input 

ton has become available to the operator 

To some operators, it is a moot question as to 

whether a stainless furnace should be equipped with 


a transformer capable of supplying as much power 
as a furnace making, for example, rimming steel, 
because of the four distinct and separate periods for 


R. B. SHAW is Manager, Electric Furnace Melting, Allegheny 
Ludium Stee! Corp., Brackenridge, Pa. This paper will be presented 
at the AIME Electric Furnace Stee! Conference, Pittsburgh, Dec. 7 
to 9, 1955 


making stainless; namely, melting, oxidizing, re- 
ducing, and finishing 

The which makes up 
the tapping weight, should be melted 
quickly and completely as possible before the intro- 


Of the four periods 


the bulk of 


down as 


initial chars e, 


duction of oxygen of a stainless 
heat, the 


oxygen) 1s actually 


melting neri 
meiting per 


the only period where 


od (or start charging to start 


time can 


be decreased, since the remaining three pe 


heat 


riods are 


constant f1 to heat 


fairly 


Some steelmakers begin to apply oxygen as soon 


as they can get a light; others melt from 75 to 90 pct, 
and with light scrap some prefer to flash melt the 
top down quickly before applying oxygen 


C ratio obtained after the oxygen blow by 


diffe 


The Cr 
either practice 
variation in the temperature 
introduction of oxy and the re 
after oxygen caused by initially unmelted scrap 

to the ¢ The melting 
approximately 90 pct be introducing oxygen is 
favored for a higher Cr/C ratio. The effect of tem- 

described by 


considerably because of a 


attained before the 


gen ulting tempera- 


xygen Diow practice ol! 


fore 
perature on this ratio has been aptly 
Hilty’ and later by Hilty, Healy 

With the use of greate1 


supplemented and in 


and Crafts 


quantities of stainless 


scrap, some cases surplanted 
by high carbon ferrochrome of various analyses, the 
need for preferentially oxidizing carbon rather 
than chromium became apparent, not only because 


of the length of the oxygen blow, but excessive 


chromium oxidation results in larger slag’ volumes 
in the reduction period. In general, the reduction 
period becomes longer and more difficult, and the 
chromium recovery erratic 

To achieve low metallic losses during the oxida- 
tion period, much attention has been given to aux- 
iliary sources of heat, the main ones being carbon 
and silicon. Since the heat of oxidation for silicon 
is considerably higher than for carbon, and the 
latter upon oxidation leaves the system, silicon re- 


to bring the 
bath rapidly to a high temperature to 
Coupled with faster rates 
i the opera- 


ipon oxidation temper- 


sponds quickly 
of the 


minimize metallic loss¢ 


ature 


of oxygen input per ton of initial charge 


tor very ist adjust hus charge 


to the conditions he 


With considerable 


izes that he m 
can work with 


licon in the 


Teai 


system to be oxi- 


dized, the slag during early and late oxidation be- 
comes very watery and if radiation losses do not 
offset the desired temperature aim, the carbon 
leaves the bath readily. However, in the reduction 
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Table ti. Corbon-Chromium Relationship After the Oxygen Biow 


Reference to Table LI indicates that when the 
slag basicity is kept low on ELC heats to avoid car- 
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Calculation of the Oxygen Requirem 


roductwon of stamtless steel 


acreased rapidly since a” 
749 used as o bose 
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Fig. 2—Percent carbon vs minutes of O, blow is graphed 
tor type 430A using 10,000 HiCCr, 6.30 C 


gardiess of the melt in chromium. When the carbon 
nelt in is above 0.40 pct, a safety factor is added to 


A. 4Cr +30 2Cr,O, 

(208) (96) 

i lb Cr requires 0.4615 lb O, 
B Si +o SiO 

(28) (32) 

1 lb Si requires 1.143 lb O 


Suppose, for example, in a 50-ton furnace chro- 
mium in the initial charge was 14,175 Ib (15.5 pct 


). For melts in carbons up to 0.40 pct, the cal- 
culated chromium to be oxidized is 50 pct. The oxy- 


gen required is calculatea as follows 

14,175 lb Cr x 50 pct 7087 lb x 0.4615 = 3270 1bO 
If the oxygen system supplied 45 lb O, per min 

and the time of the oxygen is pegged at 60 min, 


then the aining 579 lb O, is obtained from other 
xide ich as scale. If the balance of the charge 
ntains more silicon than is desired to melt in be- 


tween 0.24 to 0.45 pct Si, the extra amount is oxi- 
lized out early with scale according to equation B 
For example, if the extra silicon to oxidize out early 
amounted to 400 Ib, then 400 lb x 1.143 457 lb + 
970 it 1027 lb O, to come from scale, iron ore, etc 
When ‘'% in. FeCrSi is used instead of lump, ap- 
roximately 10 pct extra may be used; if the tap 
e is followed in conjunction with 
5 pet extra is used 

By actual experience it is known that the carbon 
will be between 0.040 to 0.060 pct after such an 
xygen blow If type 304 is being made, 0.06 or 


0.10 pet max carbon ferrochromium can be used. If 


Table |. Carbon Chromium Relationship Before and After Oxygen on ELC Heats Made in ao 10-Ton Furnace 


Oxidation Before After 
0 Oxids of Cr. by Oxyeen Oxygen Pre 

‘ ir, Gaseous Final liminary 
4 72 2 25 0 45 104 
42 2357 2 4) 29 22 16 
+8 2.57 28 2.28 126 
72 22 is v4 
7 a 2.19 25 oO 
‘ 257 2 2.75 28 6 16 
24 257 2 23 ‘6 
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Table Corbon-Chromium Relationship After the Oxygen Blow 
in @ 10-Ton Furnace (No Hi C FeCr 
Oxid. Oxid 
Tetal of of 
Crat LP i888 Oxid. Cr Cr 
Melt- Serapin Serapin of by by After 0, Blew 
down, Charge, Charge Cr, Seale, O 
Type Pet Lb Lb Pet Pet Pet cr 
109 6.200 67 55 45 0.030 9.51 
i) 6.200 67 55 45 0.031 8.98 
9 6.200 ny 78 22 0.035 3.68 
6.200 73 20 0.028 1.75 
04 6400 12.700 67 23 77 0.026 5.61 
+ 6400 12,700 67 77 23 0.024 2.85 


a higher carbon is desired, 0.20 pct max ferrochro- 
mium can be safely used following the oxidation 
period. If less than 0.07 pct max carbon is wanted, 
either the percent chromium to be oxidized can be 
calculated to approach, for example, 65 pct instead 
of the usual 50 pct, or the use of one of the extra 
low carbon ferrochrome alloys on the market today 
will actually dilute the bath some 

To melt ELC steel consistently and satisfactorily 
in a basic lined furnace with stainless scrap 1s an 
exceedingly difficult job under the best conditions 
in a small furnace and practically impossible in a 
large furnace. This point has been well covered in 
the 1951 Electric Furnace Proceedings’. Although 
large furnaces are making ELC heats without stain- 
less scrap, there are, however, several shops with 
smaller furnaces lined with chromite bottoms that 
continue to utilize stainless scrap for this purpose 
ble I shows heats made with stainless 

The temperature after the oxygen blow could 


some 


.e measured, but by reference to the C-Cr tem- 
irves developed by Hilty, it would seem 


perature ¢ 
xvgen was in excess of 


that the tempe! 
3300°F. To obtain a very low carbon, excessive OXi- 
dation was necessary 
Table II shows some C-Cr relationships after the 
oxygen blow in a ! n furnace. The slags in this 
series of heats were fairly heavy With slags of this 
nature, the heat developed by the blow 1s confined 
to the system and does not readily escape from the 
the reduction period, heavy vis- 
work with and take 


ature after 


bath. However, in 


cous slags are more difficult to 


longer to reduce than a thinner type of slag 


The Reduction Period 
The primary object of the reducing 
reduce back into the bath the chromium, 


nese. and iron that was oxidized to the slag. This is 


period is to 


manga- 


accomplished by various alloys of silicon, the prin- 
cipal one being ferrochrome silicon. To get good 
chromiu recovery, various invest have 


shown that in addition to maintaining a bath silicon 
f 0.30 to 1.0 pct, a high lime/silica ratio Is equally 
Furthermore, if the bath silicon is al- 
lowed to approac h the high side of the range, the 
reduction proceeds faster and with subse- 
quent better slag offs The reduction also proceeds 
oxidation period is 


easier 


when the slag after the 
thin side and where the reduction fol- 


faste! 
more to the 
lows immediately after using oxygen without wait- 
a carbon test at a temperature in excess of 


ing fo 
3300°F 

As a ge neralized staterment, it can be said that in 
a 10-ton furnace chromium rec veries May average 


90 to 96 pct, but in 60 to 90-ton furnaces chromium 


recoveries may average 80 to 90 px 


standard furnace losses or the 


Reference to Table III indicates that when the 
slag basicity is kept low on ELC heats to avoid car- 
bon pickup, the slag lacks fluidity and although the 
actual chromic oxide shows that a fairly good re- 
duction has been done in reducing chromic oxide, 
an analysis of the slag shows metallic chromium 
that could not pass from slag to metal during re- 
duction because the slag was not fluid A visual 
examination of such a slag will reveal entrapped 
The size of the pellets varies from 
The larger size is closest 
to the slag metal interface. By comparing Table Il 
with Table IV, it may be noted that the overall per- 
cent chromium recovery is considerably higher for 
ELC made by V.M. (virgin metal) melting instead 
of by the oxygen practice with stainless steel 

The reaction B Cr,O, + 35) 4Cr 3SiO, pro- 
ceeds farther from left to right if sufficient lime ts 
present to tie up the silica The chromium recovery 
is higher because of this effect and also because 
lime promotes more fluid slags; this in turn allows 
the chromium from the above reaction to pass out 
of the slag and down into the metal 

In spite of good basic fluid slags, the bath at the 
slag metal interface will so increase in chromium 
concentration that further reduction olf chromic 
oxide can be obtained only by mixing the slag in the 
latter method is prob- 


pellets of metal 
pea size to very fine mesh 


furnace or tap mixing. The 
ably the best because the advantages are sixfold 
A—The furnace is emptied and permits the refrac- 
tories and bottom and banks to cool; B A spot 
check of the bottom and banks can be made before 
proceeding to the finishing period; C-—Higher sili- 
cons in the bath can be tolerated because on tap 
mixing the silicon reacts with the reducible oxides 
of the slag" D—Better slag offs can be made which 


permit low volume slags in the finishing period E 
The heat is deslagged in less time than the conven- 


running the slag out the deslag 


tional method of 
door; F The metal 
Tap mixing may giv 
furnaces. In large furnaces 
it has not been experienced that tay 


sure sufficient homogenity t 


cooled 

metal homogenity in small 
making the 300 series 
mixing will in 


send a preliminary 


test without additional mixing in th furnace after 
the metal has been returned to the furnace 
Despite the know -how for attaining high metallic 


oduct use may dictate what 
wanted after reduction. Like- 


recoveries the end p! 


bath silicon percent 


. 
~ 
4 
ay we “ “ 


Fig. 3—Percent carbon vs minutes of O, blow is graphed 
for type 430A using 14,000 HiCCr, 6.69 C 
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Fig 4—Percent carbon vs minutes of O, blow is graphed Fig. S—Meltdown carbon for straight chromium steels is 
for type 430A using 16,000 HiCCr, 8.20 C shown. Curves indicate thot mostly corbon is oxidized 
during the first part of oxidation 


oxides that 


rt 
a Ceita 


Calculation of Silicon Requirement for 
Reduction Period 


black 
green, 
to stop 
tion and can 
final pur- 


internal 


ent amounts 

sicity and vol- 

nisnit increased In 

The Finishing Period lit a , been 1 i by several 
nve ) t Iso desul- 

ls con- 


» reduction and/or 


Tabie Ill. Slag Analysis After Reduction for ELC Heats 


Ca0+™MgO 


s10 
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ht e | re ire tapping i aining 2 t pet silicon during the 
; ‘ ‘ t ind ny hing period ich wa not the case the final 
‘ f t fjuct. From the redu iiphur was not any lower than in 18/8 steel with a 
t t vided t nal amount of cor 
ire With the present higt ate talnie stee!] pro- 
: t? t f le ed an be juction and the shortage of certain elements needed 
é : f tin f my tion, some steelmakers are again nar- 
I t tre 1 OF the re ving chemical inge Before final alloy adjust- 
tant. alt } elte “ ent me erate have devised various methods 
et ne I to weigh the metal and compute final composition,” 
; ‘ Mets Cro MeO Alo FeO Mao 
4 2 22 108 
2 123 
2 2 84 9 
20° 6.37 2 77 ae 
‘ 29 58 408 ? 2 26 a4 


instead of relying on standard furnace losses o1 the 


point system for computing final additions to the 
furnace 


Melters have opinions as to the correct man- 


» take slag at the 

slag and metal to- 

covering of slag 

rpose of a slag covering 

exclude air and on the 

t f sta m may form 

f the me it ri in the ladle if the 

exposed furnaces Making Un- 

the practice may be to slag off 
furnace and either fore o! t the 

lime 


increase the 


Evaluation of Curves 
The data used ft 


comput 


reals 


Fig. 6—Percent chromium vs percent carbon for type 430A 
is graphed. Tests were taken during O, blow in a 70- ton 
furnace 


snown 


carbon was proximately 


Fig. 7—Percent chromium vs percent corbon for type 430A 
is graphed. Tests were token during O, blow in o 60-ton 
turnace 


curves indicate that mostly carbon 
first part of oxidation and at 

reent chromium begins to be 

ints Facto! uch as tem- 


perature before oxygen, degree « meltdown 


technique in apply ren all account for 


pread 0 in it the calculated curve 


Chromi an rbon data from a 10-ton furnace 


under sim applying oxygen 


will show 


f 0.04 to 0.06 


ter the Oxy- 


ven blow a 


be 
By 
urface ares 


con 


ultant 
to thi 
ad be 
volume 


Fig. 8—Percent chromium vs percent carbon for type 300 
series is graphed. Tests were taken during O, blow im o 


70-ton furnace 
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5 
by 
tn tar 
ner lat 
3 2 
on the top : 
clean in the 
metal is iz 
or a synthetic slag. This is beheved t a yo 
recovery and effectiveness of certain complex alloys pi Ag 
when added in minor amounts oy 
curves in Figs ao 
2" 0 inclusive were tained from production om 
l inclusi 
mu: of 60 to 70 tons capacity 
pet © The 
is oxidized dur ie 
about U.19 pet 
d 
a 
Sat > net 
‘ 
Radiation loss from a bath ol u influ 
is ence the rate at which oxygen shoul i to Be “ 
minimize large cnror im oxidatior ct 
. to Fig. 11 t mav be een that the i of 
the bath pe ton of nitial charge is = lerably eer vy 
. higher in a small furnace However, as shown in Meee 
fF 12. by introducing a ipply of oxygen in a oe 
hort time, the rise in temperature more than offsets ee 
adiation yses from the bath with a re | 
higher chromiur ifter oxygen Analogou eer 
t might be predicted that the same results ivan 
gl 
attained on a large furnace if more oxygen i 3 
In Figs. 2 to 4 inclusive ! type 430 steel ; gi ae 
chromium at meltdown was Kept approximately 
. 
constant. The meltdown carbon was varied de- eee 2 
termine the effect ol xygen in reaching the same 
Bee 
rbon leve chows all three curves in addi- 
tion t ne computed from heats made with the . 
earbon ferrochromium in the charge Although the 
time tne xygen DIOW horter when no 
carbon ferrochromiur ised, it is not practical to : 
ich a large percentage (apt ximately io pe 
f tapping weight) of straight chromium staini fe. 
crap because of availability and po ible contami- ae Be 
natior with nickel Dearing In da tudy n in 
la 
luded herein. the percent chromium recovery v5 
luded herein | 
meltdown carbon wa inve gated No decrease in Sane 
ch mium re verv was noted as the pounds if high 
carbon ferroct mium were increaseo in tne 
To determine if chromium oxidation was a func a5 a 
tion i carbor Fig 6 to 10 inciusive were con ie 
puted. The meltdown carbon for the straight chr 4 ita 
mium steels is in Fig. 5. For the 300 series 
the meltdown °.5 ) 
gt 


additions; - Shortened 
lag D Low bi 
Dry 


drogen, and G 


inert gases severai 


an excellent 
methods for 
bon 
obtained 


430 


and al 


Although 


Fig. 9—Percent chromium vs percent corbon for type 430A 
s graphed Tests were taken during O, blow im o 70 ton 


furnace 


Hydrogen and Oxygen 


Fig. 11—Graph shows that the surface area of the both 
per ton of initial charge is higher in o small furnace 


when ex- 


a deoxi- 


iuhances 


Table IV. Chromium Recovery ond Final Slog Analysis of ELC 
Mode VM 


Overall 


Ca0+MecO 


FeO MnO 


Fig 10—Percent chromum vs percent cerbon for type 
430A is graphed. Tests were token during O, blow im a 
60.ton furnece 
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; slag B—Dry furnace 
' time under the finishing 
intil just before tap; E « » 
; tox and mold F—CO ga ition to 
effect a flushing action of the hy aia The 
ntroduction of dry air or ET times 
juring the finishing period 
H. Epstein, et al“ recently wrote 
pape n hydrogen in steelmaking an 
btaining a iow Value with hasis 
boil iz juid iron. Allegheny Ludl 
hydrogen results on commercial heats of type 
. ie with and without high carbon ferrochromium 
ae 5 at ; n the charge. It interesting to note that the 
hydrogen reached a much lower value after the 
‘ao ‘ xvgen blow on those heats in which the meltdown 
arbon was approximately 1.00 pct MEMIso the 
final hydrogen was somewhat lower. no 
— 
‘ eet that here ire pt 
t mere © eT intered etu 
‘ ‘ ‘ nave at 
lat are available at this time for stainless heats 
tr taown arpon between the val shown 
; herewith, it 1 ispected that the hvdrogen after the 
<vgen blow would fall between the results indi- 
ited in Fig. 14 
. , The oxygen content of a sample of steel, the type 
oxide clu e, and distribution thrommimmt 
| the ingot w lefinitely influence quality 
| pressed in terms of nonmetallic inclusions. Steel- 
make nave ecognized that if they could not 
jecrease further the amount of oxygen present in 
oo * 9, 8” + tee the were able to change the kind of oxide 
present the teel bath by the deoxidizing practice 
oo . lize it has been shown that manganese eri 
& : the deoxidizing power of the silicon, resulting in 
cr 
Final Viela 
‘ Pet cad so 
” 7.97 21.1 15.85 2.17 2.75 254 
6.12 6.7 22 64 


Fig. 12—Graph indicotes that by introducing a supply of 
oxygen in a short time the rise in temperature offsets 
radiation losses from the beth with ao higher chromium 
after oxygen 


oxygen. Besides manganese 


ymplex alloys a! added to 


Fig. 13—Plot shows absolute humidity for various years 
since 1951. The yeor 1955 is wetter than previous yeors 


especially for July 


Fig. 14—Graph shows hydrogen volues for entire 


sequence of electric furnace operation 


have mentioned that the time of the alloy additions 
ticularly important in respect to the oxy- 

This statement probably 

it has been thought that 


of the alloy additions to make compo 
those elements that control oxygen solu 
hould be made as soon after the oxygen 


ible There have been too many re- 
rom steelmakers who, for exam 
manganese after + off or sooner for 
we of decreasing the amount ¢ 
ions in the bath 


or inclusions that come 


Siag 


furnace bath reactions 

rtant. Refractory erosion of spouts, 
all contribute to this type of in- 
tated that an area of approxi- 
nozzle is one that can be 


refractory inclusions. At any 
1 as dryness of the ladle 
constantly under suspicion. In 


a wel 
lImaker t more is done wrong 
itv after the steel leaves the furnace 
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owe silicon, small 
oxygen solubility as well as to disper! uniformly 
listribute oxides throughout a melt for the purpose 
f making them less objectionable to the fat t cator the 7 
In addition to composition, temperature plays an especia & i. 
ae hy) t\ gt 
equally important role n controling oxygen con- 
tent. Therefore, the removal of oxygen can be don¢ DIOW aS pt eer 
ten ratures lg to the ported insta 
more effective! at emperature a Ci 
trie I nt is I I act 4 and till qc n i ent wit a id rit 
with ood pouring practice Thi s one of the he primary 
reasons Dan perature iSul Ge 
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from other rea 
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Process Measurements 


Lead To 
Control of 


Melting Practices 


by H. H. Johnson and G. A. Fisher 
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ry 


va ns ich aS a melite 
OOKINg int the furnace t idge the conditior fa 
re t If ting that the Cait have been checked 
‘ " ghing ct ectly to that of nt preting 
» statist , hart of the mechanica properties of 
tre tee being produced a a Di s I making a 
[ change The intelligent use of these quality 
nt tecnr At ma effect a marked mprove- 
r t botr the peration and economy of the melt- 
ng dept. and of the entire plant 
Ir i cor leration of quality ntre techniques 
t should be rex nized that general. the are not 
é t mplex me irements, but their sim- 
ty does not mean that they need not be made 
iretu ana the t accurately and mpti\ 
ecorded. In general, they group themselve nt 
j rY nt fA The several n the melt 
eration itself, and B—The propertic of the 
t se i measure of the quality of the 
ct. The mechanized shop of the Sharon Works 
t ve 1 lined elect furnace n the 
; t i the heat ire cheduled t vice two 
| nve Ssucn casting is frame 
t ‘ ‘ ht ca e poured on one cor 
t ethe with nm ellane j castir ict 
, et ind powe hovel treads are poured 
+} mit 
r three grade oft steel ar i i | i 
} Do! tet t meet AAR Grade B equire- 
) ) hor med m mangar ‘ tes 
r et ty j ment carbor me- 
eas uw} rY tly used in the 
hed ar tempered « lition to meet certair 
suirement 
t j ble t make it msecutive 
nea Ke i ble » that 
t ’ iy iniform!] One factor 
t ireful weighing of the several types of 
nate ne nto each chares Ir re 
esponsible for weigt ll the charges. At 
t? ning tre I each heat 
t? t t the econd helpe n each fu 
He of must see the charge mads 
the ‘ ght of the eV 
nitia the cha ‘ yher he ha 
led these weight 
Accurate Weighing 
furthe heck n the accurac weighing 
tand 1 nt ar ied with two 
r t DICKIT t up) et on each of the tw 
nel the veight led The turr 
ecnor } ‘ +} checkir and he. tox 
nit thy heck heet when the we ht 
‘ cea e ? Deel I r i- 
value to mpar F example 
+} ‘ P the chen ‘ f the medium man- 
Pcs tos ha heey a hler on<ider able 
er? ta tre mar was 
‘ I é at manganese cont Va e- 
a bad ic mecha al pertie nd in consid- 
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ade annreciahle differences in manganese recult< 


N electric furnace operat measurements 

> 

{ 

* 

« 
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erable difficulties in the heat treating to compensate 
for these extremes. Early in 1951, the 


which the chargcs were weighed were 


scaies on 


replaced in 


the interest of getting accurate weighing, and then 
the practice of checking the scales and of checking 
charge weights, as just discussed, was initiated 


ni 
vement in chemistry was noted almost 


at once, additional steps were found necessary to 
effect the chemical control that was wanted, but one 
big variable had been thus eliminated 

Another entirely different benefit was found 
however. when it was recognized that when the 


weight of molten metal was accurately known, the 
foundry could calculate the weight of the castings 
to be poured and could pour out practically all of 


the metal without danger of yning short and slag- 


ging on a casting. However was soon apparent 


that in many cases the weight of the casting as 
poured was not accurately known. This led to a 
separate project of the quality control dept. of 
weighing the various types of castings together wit! 
the sprues. to determing the w« ht as poure i. Using 
these correct casting weights as a bas for calcula- 
tion of the weight f metal to be « xpectea t was 
possible to reduce the number of slagged casting 
nd the amount of metal to be pigged from eact 
heat or, in other words, to increase the pouring yield 
very cor ie bly. This has been a continuing pro 
gram since about 1952 

The pouring yiela s the atio of the weight of 
meta poure j nto castir te the weight of meta 
melted, and that the difference in weight incluag 
»xidation lo pouring loss (such as spills, etc.) and 
metal pigged. The dollar value of suct ivi be 
cause of improved yield over the course of several 
yea n be appre ited 

The measurement of the working of each heat 
too often left a matter of idgment on the part 
of the melte! Ww ‘ true that many able 
cannot be measured ome of them can and these 
erve as a V iable guide and their tabulation ofter 
gives a 00d ture of the proces yperatior 

As an example t wa noted above that t Va 
le ible to prov de cha that would be i neal 
alike i pt ble One measure of ic? iniformit 

that of the carbor content wher the ch ‘ 
melted dowr It general] epted practice that 
he t wh e fir rh te he 0.25 the 
r ge r ild melt in a yut 0.35 pct carbor nd 
be | ed down to something i than 0.20 pet 
vynicn W ild assure that an adequate boil had been 
ecured As a measure of t! a carbon test taken 
at meltdown (which test quickly made using a 
carbanalyzer ) The melter recs ds tl readalr or 
the oe heet f the heat and he iS€ t as a guide 
for determining the mount of oxygen that will be 
equired for that particular heat 

The quality control engineer daily record these 
arbon values ma xX and R pe yf ch t that 
poste the litw nitro hy ard Suc harting 
' vides a means fo noothing out incidental heat 
to heat variatior and draw i picture for the meltet! 
as t what the proce ; r It hows whether 
the carbon level over a period of time about as 
les ed whethe hange the charge composi 
tior ndicated. It also shows how erratic the ca! 
bon heat heat nda raise the yues- 
tion as to whether there n be unexpected varia- 
n the mater charged n the way which 
the charge melting which will bear investigatior 


A—Securing a good boil, which will lower the 


This furnace is typical of the type ond size used im the 
Sharon Works of National Malleable & Stee! Castings Co 


Record of Oxygen Use 


The use of oxygen instead of ore for producing 
the boil has considerable merit as a quality control 
tool. not ordy becausé t reduces the time required 
for the carbon boil, but because the flow of oxyget 
can be controlled and measured and correlated with 
the probable rate of carbon los The carbon level 
measured by the use of the carbanalyzer after the 
oxygen has been used for a specified length of time 
and an additional oxygen injectior made, if nece 
sarv. All such carbon results are recorded on th 


og sheet of the heat 


As a matter of record, and as a guide to what the 


process 1 joing, a mple chart maintained ! 
wr h the average length of pipe ised pr it and 
the average amount of oxygen used per ton over the 
period of each week are plotted. Such charting giv 
the melting supervision an overall picture of tl 
tep in the proce and can be used a i measure ti 
reflect the effect of process changes made 

It the practice at Sharor Works to block the 
heats afte the be and 5 min later to take a lat 
ratorv san p Carbon and manganese determina 
tior are then made nd ret ted in ik than 10 
mir In additior ilphu nd phospl is dete 
minatior are " ry le on the pre mina ample 
ind these ine ecorded on th aborat nay 
record but ‘ not mime ey tert thy 
meiter the re out f specificat 

Wher f wp are ect ed at Sha the 
ire Vv j pected ¢ hye ire that the comply 
with company purchase specifications so far as p! 
cal c! te ti are oncerned In gern 
attempt made t mple the i! for ner i] 
the ilpt j ind phoru ‘ letermined r the 
preiimina nd in tt Nia acne pro 
vided t near f which the metal can be liverted 
from being poured into mold n case these element 
exceed the specification maximum T} has worked 
out very well ve the « irse yf everal year a 
matte of niv four or five heats out of 3500 or 4500 
made each year being liverted because f higt ul 
phur phosp? 

The time pent i waiting for the carbon and 
manganese anal’ on each heat istified by the 
closer chemical contro] these analyses make p ble 
ind by the opportunity which this per od provide 
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made appreciable differences in manganese results 


Table |. Percent of Heats Outside Chemistry Control Limits C—-The expected manganese efficiency from the 
alloy addition was judged from the appearance of ; ‘ 

Carden Manganese the slag cake (as discussed). As a further aid to the 

Year Grade B Grade ¢ Grade B Grade ¢ melter’s judgment, the use of the Herty viscosimete: 


(modified for acid slag) was developed. A chart 


’ ‘ ‘ 25 28 | correlating length of slag flow with expected man- 
2 ganese efficiency was developed and used by the 
+7 melting personnel 
D—Because these measurements are still depend- 
ent on the judgment of the operators, a melter tncen- 
tive chart was developed and posted. It simply rated 
the manganese analyses for each first helper as to 
for allowing the bath to approximately reach equi- whether they fell within the chemistry specifica- 
briun nditior tions, barely outside of these specifications (plotted 
I t f manganese has been and still is one as a hatched zone), or far outside (plotted as a red 
f the troublesome ts in the melting operation zone). There was no financial bonus or penalty con- 
en the subject for a considerable amount nected with this chart, but there was enough pub- 
t tudy. For many years, it has been licity given to it among the men that their pride was 
tice at all the National ¢ works to esti- stimulated to post a good record 
bat manganese efficiency of the final E—Constant attention was paid to trends as de- 
from the pearance of the slas veloped on the chemistry control chart and these 
I had been | ed on to a steel plate and were used as a guide to process changes 
hie = ' n the results of th F—A manganese efficiency chart of the X and R 
ina ). nen s Ning the manganest type was developed as another measure of process 
proosse mangancs peration. The efficiencies plotted are calculated, 
veight of the add knowing the preliminary analysis, the weight of the 
alloy addition, and the final analysis. Unusual varia- 
f Steel tions call for investigation of any unusual condi- 
Chemistry of Stee tions that might have produced them 
the ea , f X and R charting Undoubtedly, there are other factors which have 
is that of the chemistry fo! been of influence, such as perhaps the somewhat 
. iced to dete! maller volume of slag that is produced by the use 
ipabilities | wing of oxygen compared with the volume produced by 
AS1O% Ir the use of ore 
the ba f these The economies effected in the processing that come 
mits from the closer manganese control are considerable 
- : a fall Apart from occasior al heats that had to be s« rat ped 
she det . because the manganese level was so far off that they 
. mits wer could not be heat treated to meet the required phys- 
: . ind cal properties, there is the very real advantage of 
f the stee: were having material that can be heat treated in a fixed 
: , ycle with only the minimum adjustment of tem- 
; for Grade B pering temperature from heat to heat. All these 
' vit af ‘pI factors expedite the smooth flow of material througt 
t of 0.62 pet. In the shop and, thus, effect considerable economies 
' t pet average Similar discussion could be had with respect to 
the control of the other elements, but only one 
ed to 1.54 pet with = Case will be cited which is that of carbon control in 
t of - Grade B steel 
tight than wa 
t were felt to be Carbon Control 
nt In 1950, based on the technique described above 
I e and st re posted fixed control limits for carbon were set at 0.19 to 
t t ‘ h are di 0.25 pet These were maintained quite well except 
i i the perforn that the control chart showed that the carbon values 
i i yearly by fell on the high side of this range with considerable 
A Table I egularit The decision was 7 ade n 1951 to tighten 
. hat ‘ f the the range by ncreasing the lower limit to 0.20 pct 
‘ ‘ , £ the carbon. giving a 5 point range nstead of a 6 point 
It that the Grade C inge. Tt was used until 195 when the same 
: ind the situation arose and again the ange was tightened 
nt to 4 points of carbon by; uising the lower control 
Ar t luring t ears (and limit. During 1954, the shop operated with only 7.5 
vere pet of the irbons falling yutside f this 4 point 
\ ; f ti preliminary range Such control is attained only by scrupulous 
test ime t la ble basis attention to details and is materially aided by the 
nw { te weight of alloy added guidance furnished by quality control methods such 
B—-Attent wa ven t bt wccurate as have been discussed 
weigt f the chat ind accurate w ht of the The control of silicon is not particularly difficult 
wloy addit tself. V n charge weight if attention is paid to such details as 
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A—Securing a good boil, which will lower the 
silicon level to something under 0.08 pct 

B—Maintaining bath temperature control to avoid 
overheating the metal and reducing silicon from the 
slag and lining—and, 

C—Accurate weighing of the alloy addition 
The silicon addition is made into the furnace about 
X and 


manganese 


5 min before tapping. A control chart of the 
R type (as described for carbon and 
control) is maintained for silicon control. In gen- 
eral, the silicon level is maintained at 0.50 pct, with 
control limits of 0.44 pct and 0.56 pct, respectively 
Trends are noted by inspection of the chart and 
corrective action taken as indicated 
The deoxidation step in the process has received 
jerable amount of study at Sharon Works 
many other shops) in an attempt to 
develop the technique best suited for that particular 
shop. Although most shops use aluminum as the 
deoxidizer there were certain reasons for not want- 
ing to use it at Sharon. This led to the development 
of the use of Carbortam (a titanium-boron alloy) 
with calcium-manganese-silicon 
added into the ladle. The use of this material was 


described by Igelman and Finch 


a consk 


(as well as in 


together both 


This practice was found to be effective most of the 
time, but both the Melrose Park Works and the 
Sharon Works ran into occasional instances of ca 
ings which displayed pin hole porosity. Thi 
led to the development of a small chute for adding 
the deoxidizers into the ladle over a short period of 
them in at one 
having them possibly become trapped in the slag 
It is attention to such details throughout the work- 
ing of each heat that adds very greatly to the contro! 
metal 


instead of tossing 


time 


of quality of the 


Temperature control during the entire melting 
process is a necessity and again much of it depends 
m the ju of the furnace operator. The usual 
measures of temperature are: A—-Film test or skim 
test of a spoonful of the metal; B—Fluidity spiral 
test; ( Immersion thermocouple measurement; and 
D—Optical pyrometer measurement 

In an attempt to minimize such conditions as 
burnt in sand, (and possible hot tearing) on one 
hand and miss-runs on the other hand, temperature 
contro] limits were set up for pouring each of the 
several general types of castings. This pe ble 


at a shop like Sharon because as mentioned pre 


viousi such asting i side frames ind bolster 
are poured on the one conveyor, while other casting 
art poured on a second conveyor All f the above 
named means of temperature measurements have 
been used at Sharor At the present time, the film 
test the one most relied upon to measure the batt 
temperature, with the immersion thermocouple be 
ng used to a considerable extent. The optical py 
rometer is used to measure the tapping temperature 
and the pouring temperature 

The temperatures obtained from heat to heat ar 
tted on a chart, which is posted at the desk of 
the foundry labor foreman, who is in charge of the 


pouring operation. The heat number is included for 


dentification of the heat and when scrapped cast- 
ings are found that were probably related to the 
pourir temperature, a notation is made on the 
chart as showr It should be noted that this is a 
simple sequence charting of the temperatures by 
heats, but it forms a picture of what the process is 
do r that > inde tood by the pe rsonnei nvolved 


in their operations 


Typico! control pone! used with electric furnaces at the 


Sheron Works 


Furnace Operation 
While the main quality control 


! emphasis is on 
control of the several steps in the 


melting process, 
One 


been economically profitable has 


there are other controls that are closely related 
that has 
been that of a chart showing electrode 
for all the furnaces and by melting 
this is a very simple type of chart 


of these 
consumption 
Again, 
and one that is 


units 


easily maintained A goal was set ip of the con- 
sumption of some 8 |b of electrodes per ton of melt, 
which meant the use of about 10 electrods for 48 
heats and the line representing tl rate of con 
imption was drawn for each furnace as shown 
Each time an electrode } put on, it indicated by 
i circle. which also represents a heat A dot is used 
to mark off each heat in which no electrode was 
added 

In this shop, the furnaces are all the same size 
and operating inder milar conditions with the 


furnace crews being rotated weekly so that the prin- 


cipal variable will be that of furnace condition and 
operating characteristi It was evident soon after 
tr hartir Va tarted that the rate of electrode 
consumption differed from furnace to furnace. It 
was then an obvious step to examine both the me- 
chanical and electrical equipment and in many case¢ 
to take correct action which materially lowered 
the electrode consumption. In some cases, this meant 
overhaul of the w n mechanical mechanism, while 
n other cases it meant adjustment in the electrical 
ysten 

This study wa tarted about August 1952, when 
the average electrode consumption was about 10 lb 
per ton of melt At that time, the charting showed 

me furnace ising as much as 14 lb per ton. Thi 
msumption ha teadily decreased until it is close 
to the oal of B pe tor 

One other important charting is that of the time 
of heat (from tap to tap) especially as broker 
jown Tr become ynother incentive 
type of chart (with no money incentive involved 


however). Again, the men are operating under very 


similar conditior and a goal is set of 2% hr per 
heat. The charting » sequence charting with heats 
off-schedule marked in red, except heats that are 
held ip by the foundr or for a reason outside the 
first helper’s contr Such heats are marked in 
black. although they exceed the 2% hr time period 


The experience has beer that there has been a very 
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get 
: 
| 
ie 
and which serves as a guide eee +A 


ts, the tempering temperature—chemistry curve 


mprovement ve tre evera ea 
that these charts have been estat hed. They have ild be adjusted one way or the other, as could the 
tantly emphasized the r nt é i hemistry target. It is quite difficult to make such 
f several men and have a ' nted it the m- [ changes on the basis of a few individual 
' ement that these men have mads ilts or on the basis of the good old average 
yi f furnace peratior e systematically method. The technique described forms a funda- 
‘ heet f each heat t erve ’ mentally sound basis on which to take action 
le t making « neat 
nd i from which the qualit nt Summary for Management Use 
ther narti 10% rhe ntrol charts are periodically reviewed to 
neet then fied | nsiderabic : mn e the results for management. Such reports 
. ' re nist mn any heat or on the | , e made on a monthly basis, with a yearly recapitu- 
nen needed tion also prepared as an operation summary 
a the opinion of Natior , that U ont Summary charts give a long range picture of 
. what the process is doing. The percent of heats are 
a ; t108 that the empna hown whose tensile test bars met the required 
t} } t t rn tir tour mechanical properties on the first test Thus, for 
é é eel, the quality level has steadily im- 
. .u ed from a level of 70 to 75 pct of the tests pass- 
— n the first test until for the first half of 1955 
45 pet of the tests were passing on the first test 
Quality of Product illed. Tt eems to substantiate the thinking that 
, ‘ , t everal steps described to improve the melting 
t nave peer i g tne gnt ine 
+} Sir ! can be made f hardness data 
+} ‘ evel tne rite on on which 
} e accepted or rejected. The use of the 
Rt hartir fo ich hardanes values 
t picture of w the proce $s pro- 
‘ ) ‘ T} f most of the reading are fa ng or 
f the average line for the chart (if they 
f le of the range or on tre l le 
' f eT e.f nstance) the chart shows tt very 
It with mathematical certaint 
_ ’ out of contr with an un- 
ected im be values falling itside 
kK } hart affords an excellent yardstick of 
‘ nen? eft [f these measures Such charting also 
ff is a most sensitive and understandable means 
‘ j the effectivene process cn 
: , ) e, there e many other criteria that car 
ea iin lating the appearance and the 
j f the asting themselve Suct tems as 
I int I ip that ha been | duced due t 
t the tings ind especia the amount 
ning K tnat requ ed because of metal! 
i . ‘ e amor the factors t be considered 
> ‘ hart f scrap by patterns and by heat 
shat 

harting f dime on measurements gives a 
eadily b lets fore of thu as f the product and shows 
ail vement in the process is necessary 
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Factors in Slag Reduction Stage 


Detailed for Stainless Melting Practice 


by D. J. Carney 


‘ Te! t ne use gen por 
the Pease i if sta nis ‘ ay and the 
1 ve arbor content The netnod 
ind mat i ised to accomplish slag reductio 
ewhat w the ‘ f the furnace the 
tv pe furnace peration and econor c fact 


D. J. CARNEY is Superintendent, No. 2 Electric Furnace Dept 
South Works, U.S Steel Corp, Chicago This paper will be pre 
sented ot the AIME Electric Furnace Stee! Conference, Pittsburgh 
Dec 1955 
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m ist be 
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; 
Bae, 
erty 
HE slag reduction stage has become an increas- Silas eductior prac eo ae 
valuable ntit ‘ 
ror which enter the 
bon from the bath. The Bie 
isted above 
can be 
port yf th 
educed. T! 
metailic red 
ror und ry 
vganese unit 
from the he 
ent ng practice 
‘ 


Chemical Factors lime cr magnesia. Lime is a necessary addition in 


me on a basic hearth, and thus chromium re- 
duc will occur to a greater extent than it will 
Bor a are ilt rs with an acid hearth. While the chemical effect of 
pp me in reducing the activ of silica in stainless 
bach and Saunders’ and Taylor’ have 
me the naturel om tne letermined the effect of the lime-silica ratio on the 
tal and ww phases t eparat Slag-metal re- 
ympletion of chromium reduction, both in the lab- 
are sit inde tand irge pecause ot d in some large commerc furnaces < 
the ra ry ana in some iarge con merciai turna 
oe expected, their data showed that chromium reduc- 
— tion increased as the lime-silica ratio increased. For 
ch at stee ‘King temperatures are bonded i ommercial furnaces, improvement in chromium 
These data should only be used as a rougt 
. : arement f the chemical activit nation of the effect of lime on chromium 
nd oxygen aton when silicon is the prime reducing agent 
ta tec nave neve chemical reactions also illustrate that th: 
- atte ted. A sete cher il description of ch im reduction will be decreased as the silicon 
soucts J on hout such mee n the metal is lowered and the chromium content 
r tunate omme! a meit- s raised 
e entia and lication of 
siete Physical and Operational Factors 
4 4 ting practice The 
‘ ‘ t which ire mt tant 
‘ tee] melting 
{) ( Sit.) 
(MMO 310.) 
+} (Sid.) 
eal meta eductior 
ire ict igent Much can be to tre ag 
rhe and fr t comr oble a charging and oxidation practice whict 
' t ‘ eltir How esults in a low slag volume and a minimum amount 
navil a greater i cr miur xidation during arbor ern i Eco- 
f } i ich as, alur nomic considerations play t major role in deter- 
the above reactior nining the charging and oxi n practice. In gen- 
‘ ‘ that f the above Ca era a muct stainless scray is charged, a 
é t n the direct nsistent with optimum chromium recovery, heat 
t the eactior time and bank and bottom delay 
et ther ‘ ‘ i! t De iscertained witr it Given a desired slag volume and composition at 
tre tre the eT the carbor removal rT a factor 
mt ted he e equatior One mpli- iffecting the slag reduction is adequate mixing of 
f these equat n melt tainls tee! the lag and metal Regardless of the deoxidizer 
K the we nf f the iz and ised, the slag cannot be eff 
f ti eta wide the ’ there s sufficient time and vo 
t t de t lete the ind metal Unk tnere 
the edu re a electrical, the slag 
i ilat 4 eia a ie julescent at th stage fr 
lu ent tha tu actice A ijuction can be markedly 
‘ tre ‘ ‘ tior t fact ther than by emical conside tion 
r tainless st ng is t wreful testing of stainless steel baths in an 80 
tre t t tor 4 nace wit! a 29-ft d nei ind a batl 
aS | h the « t e last iepth in the center of approximately 30 in., has re- 
' : ted ‘ ere! ealed a difference of as much as 4.5 pct Cr fror 
: ‘ ed ‘ t t bottor f the bath at tr tage of the heat 
r elative Actior i Th enrichment of the metal layer near the slag 
‘ itura t furthe eductior nro. im 
eit mn tne uw f n the slag The importance of this factor was 
ed tee i equate lemonstrated Texte and othe 
airiie tee ‘ ease a who have found it advantageous to thorougt mix 
va e st ‘ ting ne ig and etal afte the additior the deox 
pr pr educt e the tay g into a ladle eparating the ag 
' rm : ind eturning the metal t the furnace The } 
he ve ‘ \ ced ‘ grit vantage t tr practice must ag be welghted 
iter extent as U he f economic considerations in each sho; The furnaces 
iced. This « t ccor hed idit f appears to markedly influence the degree of 
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which results from the lack 
The larger the 


chemical heterogeneity 


of movement of the slag and metal 


furnace, the greater the degree of heterogeneity 
that is possible 

Silicon added as a chromium-silicon ferroalloy is 
used most frequently as the primary slag reducing 
agent in large stainless producing shops. Chemi- 
call it is known that aluminum will aliow a 
greater reduction of chromium from the slag. In 
most cases, careful economic studies have revealed 
that the use of aluminum for slag reduction is not 
aiways desirable 


The sizing, density, and melting temperatures of 
the reducing agent can all have some influence on the 
of reduction. If a heavy lump agent is 
used which penetrates the slag and metal, reduction 
t take the slag-metal interface 
with the subsequent dilution of the reducing agent 
n iron. If the agent will remain suspended uni- 
formly in the slag, some reduction can take place in 
slag itself. This factor not given a 
great deal of consideration in many melting shops 


place solely at 


has been 
The effect of metal and slag temperature on chro- 
reduction has been reported to be 
lower temperatures were said to 
be preferred and in other cases, higher temperatures 
preferred. Both 


Chemically 


inconsist- 
ent. In some cases 
answers can be correct to 
the reaction the 
ilicon and chromium oxide should proceed further 
Physically, if the slag be- 
the 


of inadequate contact or 


between 


with lower temperatures 


comes too cold and viscous reaction will be 


slowed becaust mixing of 


the slag and metal. Thus, a compromise must be 
made between the chemical and the physical factors 
affecting chromium reduction for optimum results 
Largs lurnace are again more of a problem in re- 
gard to maintaining slag and metal temperatures 
best reduct r 

In a teelmaking process there is a tendency for 
the juid metal and slag to approach a chemical 
al th the refractory container. Three types 
f are used for melting stainless steel 
basic, acid, and chromite bottoms. The basic and 
acid bottom materials are uch that they allow the 
etal and slag to reach a relatively low oxygen 


level. When silicon is used as a reducing agent the 
basic bottom will allow a greater chromium reduc- 
tion, because of the of silica with 
the use of lime and magnesia. The chromite type 
bottom is composed of iron and chromium oxides 
which limit deoxidation of slag and 
metal that can be maintained. As a result, the re- 
duction of chromium from slags in the chromite 
bottom is much than with the basic bottom 
This fact affects the economics of the production of 
most types of stainless steels to such an extent that 
the use of the limited in 
this country 


lowered activity 


the degree of 


lowe! 


chromite bottom is quite 
Summary 

For optimum recovery of chromium units the fol- 
important 
volume and 
economic 
scrap charge and carbon oxidation practice 

B—Use of a basic bottom with a lime-silica ratio 
in the slag of approximately 1:5 

C—Intimate mixing of slag and metal 

D—Lowest temperatures of slag and metal con- 
sistent with slag fluidity and slag-metal mixing 

E—Use of a deoxidizer with a minimum 
dilution in 

Economic 
viewed in weighing the 
of the listed items for a given melting shop practice 
It is not always desirable to obtain the ultimate in 
chromium reduction from the lag. The overall 
cost per ton of ingots produced is the criterion by 
which the slag stee] 
melting should be correlated with the oxidizing and 


lowing factors were considered to be 
A—Attainment of the slag 
consistent with an 


iowest 


chromium content 


strong 
iron 

carefully re- 
each 


considerations should be 


extent of the usage of 


reduction phase of stainless 


refining stages 
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Reducing Period in Melting 
Of Stainless Steel Described 


by L. F. Weitzenkorn 


at Baltimore Works are 


A= stainle heats made t 
melted in hromite lined furnaces, 


ul 


USINE a 
crap-chrome ore high carbon ferrochromium prac- 


LF WEITZENKORN is Works Metallurgist, Baltimore Works, 
Armco Stee! Corp, Baltimore. This paper will be presented ot the 
AIME Electric Furnace Steel Conference, Pittsburgh, Dec. 7 to 9, 
1955 


tice (the Rustless process). In this melting practice 


the purpose of the reducing period is to reduce the 

chromium and iron oxides which are present in the 

slag and to do this without materially increasing 
the carbon content or the heat 
Meltdown 

There is no separate oxidizing period or oxygen 

blow to lower carbon after the charge is melted 
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| 
ks 
is 
| 


ue for chemical ana Even the faste spectro- 
Table | Crcele tor Reducing Period in Stomless Stee! Heots grapl llicon analvsi tox low to De 
Ranging from 12 to 22 tons to the first helpe 
LiKe ur features of the art of elt 
Minutes nis t pe. Al the ag 
ry We 
po nge th time 
bef the bare metal 
irf ed mark- 
g of by le equlre i and 
the fil orms nd 
egulated It and tirred 
irt taker iror 
‘ ‘ ‘ et 4 
rhe at! va 
t the 
lept edu g pe 
here e zone wide lifferent Cal anaiy- 
. S After the ferro con is all melted, the metal 
ist und the « Nea the bot- 
the furnace the lcor ‘ ntent usuall 
First Carbon Test ‘ 
take 1 the Siu a triation of chromium exist n the meta! 
| t t ‘ ith as the slag-metail reaction continue 
i t It would be inaccurate to describe the slag during 
he a he reducing pe d a reducing ag. Some of the 
vi xtra ni the fe 11con ma er il! m tre lag 
‘ it entia the ig e-oxide The higt 
re t I i ! cor etal at the ag-metal interface the effec- 
t r the e reducing agent, it being the chron m and on 
Kidde mn the a that are reduced | the higt 
‘ eta n contact with the 
pra e, tne lag volume approximate!l 
‘ t eq i t trie Vo meta the furnace A 
t? ‘ t eaducing oa ag appeal n the fur- 
net? t I ‘ It is a relatively heavy, vis« i lag 
‘ ‘ 
‘ Slag Tests 
Reducing Agent The slag changes rapidly as the silicon reaction 
‘ the tinue The lime additior ifficient to event 
ia i uicium ortno cate (2CaQO-Si0.) slag 
, ; which w lisintegrate to a powder a om or 
re t poor Tt disintegrat a puite 
ett ‘ A t it a while the it 
‘nical e content of the slag remains high 
he f the powdered ig fal from the 
7 
now prac Cail measure the g- 
r pe a A ta ilmost 
i ‘ rite ag powdel ndicaté that cr itt 
\ i¢ ine a ess thar to t ct ana ag re- 
i in beg Dark are nigne 
Adding Lime and Ferrosilicon End of Reducing Period 
t < irged It has been found that it is most practical to begin 
t val wher th content f the bat? 

‘ t i ed to r i1ropped ‘to at it i pet ana tne ag 
‘ test how that the chromium oxide in the ag at 
1 ‘ rhe rhe ‘ t WwW a » to 6 pet Both tests are \ jai and 

‘ julre training and experience Dut as pre 
j ‘ ed. there are 1 cher tests fast enough 
trv 
i s during slag re- 
Val ig Kimmed 
ff unt ete gz rer val 
will ir luring the fin- 
ng P 15 20 min 
‘ tre ‘ the fror ow eady for 
hye N are thy the fir ng lag 
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Deoxidizers and Tapping Temperatures 


In Stainless Steel Production 


by Charles Yutmeyer 


C YUTMEYER is 
Stee! Co, Midlond, Po 


deoxidizer 


o bath 


petore 


ana then 


Superintendent 
This paper will 


Electric Furnace Stee! Conference, Pittsburgh, Dec 


lb of ferrotitaniur pe tor made to 
the bare bath. A small slag of burned lime, krvyolith 
and fine calciun licon is made and the heat tapped 
Some zg can be made by a pe tor rdditior 
of ferrotitanium to the stream while tapping. Or 
other grades where titanium nitride are Djection- 
able, an addition of 4 1b of calcium silicon per ton i 
made to the stream 


Electric Furnaces, Crucible 
be presented at the AIME 
7 to 9, 1955 


Bene major portion of the deoxidation in making With the amount of higher tramp elements from 
Stainiess in the arc furnace accomplishe i with poor cra} t ni De e necessary to add rare 
silicon either ferrosilicon ferrochrome con eartn to give ifficaent hot workability To con 
The residual con carried through the re- erve on the int of rare earth needed it has 

pe a W Var‘ witt conditions nece prt ¢ tra time on deoxidation 

ator with tac ties to prevent gassy heats, o1 On the occa whe Kir grade 

s blessed with weather that does not promote 10, extra | 6, the ‘ treatment is used 

gassy heats, can carry silicon on the high side of the Aft the hea ip to tap; temperature, it is 
specification in order to get good chrome recovery agged off and an additior f 4 ib of Grainal per 
from strong basic slag. An operator wl lagued ton idded to the bare bath along with a small 
rouble must Keep a low silicor e- ag oft Du ‘ Y tr i Silx which be 


Ib 


‘ ‘ it ‘ i ‘ sce ‘ lif 
1scu because the man facto! in- 
At Midland ; t the heats to the 
i ‘ ea i tock and part to 
for i strip product To add other 

25 ton heats and 80 ton heats are made 


Tapping Temperature 


ade f 300 and 400 series going into bar 
tapped on the hot side, held in the ladle 10 
red at about 2870°F. This is possible 
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‘ 
| 
siduai weak Dasik iagz, ana a trong ae xidizer at me ral i] ppea 
tap in order to get a fair recovery of chrome per ton of cal i nin the ladk Add 3 lb per ae 
The finishing i n s ferro- ton of rat tt } r ton of misch- lg 
in some Cast l to of rare ea ‘ ] b pe m of ni h 
owe 
titanium added tH adem tar; The heat is at metal to the ladle aft t s fu Some of the a 
tapping temperature HE slagged off clean. An ther deoxidizers in use are: titanium metal scray a 
ferroalur 
ideai 
f 
cu 
volved 
b] 
tne at 
q 
variable — 
tock a Lit 
— 


because of a 400 ton stripping crane to strip the in- come such as: bath depth, stirring facilities, runner 
got Poor 1 fe experienced with this prac- ength and stream drop, ladle temperature, ladle 
tice Imy ed is suflux ha resulted 5 good ze teeming time 
ean heat will still buy a lot of mold iron Cleaner heats can be consistently made if the 
On the at i heats g g to the strip mill bat! is maintained at a high level 
Ae tapping temperature are aimed f and tr ighout the refining period. Dirty heats are en- 
neat ure teemed at ibout 2840°F Because the countered when the bath is allowed to get too cold 
‘ j ts have 1 the lea that the suse of f large doses of final addition The furnace is 
Dliste t 1 heat in attempt 1 rY le t then pouridéd hard to get the bath up to the correct 
ir a tainl heats without a trace of ladle skul tapping temperature. This practice tends to give a 
: te erature t t in ind tratified bath, hot slag an abnormal spread in 
fu hop t ect. Many sriable ffect the it- temperature during teeming 


Temperature Control and Deoxidation 


For Electric Furnace Steels 
by H. M. Parker 


T? f to ta the most im- Temperature Check 


i : y I the practice in almost all shops today to 
heck tapping temperatures by immersion thermo- 
: coupk Some use the thermocouple only as a check 
I ; i t the melte idgment. Other shop y en- 
: tire n the instrument reading d rigidly adhere 
‘ mperature range previously found to produce 
\ e best quality. These ranges will vary according 
‘ ‘ i t i ize of heat, whether ingots or castings are 
being made and also whether direct, tun dish or 
Deoxidation Practices 
m poured 
Det 4 iF Tis 
Pitanium and aluminum bearing grades require 
‘ xid tr 
pe g treatment For titanium grades the 
. g emoved just prior to tap to reduce the vol- 
ime and a new slag is built up of burned lime and 
iluminum. The titanium may be added either! 
the furnace « n the ladle 
Slag il removed to tap for aluminun 
ur ta ice and thorougt jeoxidized with alu- 
ecove the alurn im that added in the 
id 
The hydrogen content of the bath must also be 
‘ 
ept to prevent exces ve seams and blisters 
elt the te ker , 
it ire prio 0 at ina i } ver 
P 
ntent te nig? rective measure are take! 
adit 1 be ted } the time the 
me shops the exce hydrogen is flushed out 
with inert gase The present trend to flush wit! 
i The best practice to prevent hydroget 
. kup by controlling water leaks of the equipment 
‘ 
| ise niy iry mate a“ after the a off 
, , When oxygen has been previously used to reduce 
the bath carbon, there less likelihood of hydrogen 
t ible 
Some shor have special furnace leoxildatior 
tices for some grade Manganese and silicon 
ire added in the furnace f practically all grades 


H M PARKER i¢ Open Heorth Superintendent Butler Works vV10S8 leoxida 5 acce plusne he ladle and 
Armco Stee! Corp. Butler Po This paper will be presented of the var } ‘ ling to the grade mack > r alu- 
AIME Electric Furnece Stee! Conference, Pittsburgh, Dec 7 to 9 minum. « m-silicon, mischmetal, and rare earth 


1955 compounds are the most commonly used 
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materials 
: 


Wet and Dry Filtration Studies — 


Electric Furnace Ferrosilicon Fume Collection 


ESIDENTS of many urban centers are becoming 
increasingly aware of the obscuring effect of 
fume and smoke discharge from power, metallur- 
gical, chemical, and other and they, as 


well as the 


industries; 


legislatures of these affected cities, are 


agitating for cleaner air. Management’s most press- 
ng problem is to find an economical way to reduce 


process in response 


o the growing pressure 
demands. The re- 


t 
from population and legislative 


moval must be done, if possible, without handicap 
to the current operation, since the costs of relocating 
are often excessive or prohibitive 

In fume recovery or disposal, an important item 
oO consid s whether or not the material being dis- 


If it has commercial value, 
its recovery may offset or aid amortiza- 


charged ha any value 


tior For this reason, in making a study of the 
specific problem in hand, a major factor was the 
nature of the material emanating from the stack 
in particular its particle size, size range, and its 


chemical composition, as well as its 


ity when recovered (in either 


and phy sical 
potential value and util 


a wet or dry state). Should the product have no 
commercial value, it must be disposed of at mini- 


a way to prevent recontamination 
Initial studies made to determine 

stack concentrations and volumes of material evolved 

from the study 


concerned the physical and chemical nature of the 


were therefore 


operations. The next phase of the 
collected fume. The third portion of this paper de- 
scribes the wet and dry collector studies undertaken 


to recover the fume 


Cleaning Requirements for Ferroalloy 
Furnace Operation 


The basic need for any effluent collection equip- 
ment is the highest possible efficiency and the low- 
est tolerable re tance when the powe nsumption 
nvolved is considered. Since the electric furnace 
effluent largely composed of fume of small size 
(le than 0.54), it has high light obscuring prop- 
erties, and even low concentrations will cause some 


oss of visibility and be evident to nearby resident 


mit for ff; sh en in mans 


cite based on a weight value (viz, approximately 
0.4 grains | cu ft), but the smoke density values 
ire dependent upon a shade of color. In the case of 
the Los Angeles County code, emission is restricted 
to pounds per pound of material processed per hour 


L. SILVERMAN is Associate Professor of Industrial Hygiene En 
gineering, School of Public Health, Harvard University, Boston, and 
R. A. DAVIDSON is Chief Engineer, Vanadium Corp. of America 
Niogoro Falls, NY 

Discussion of this paper 
AIME by Feb. 1, 1956. Manuscript, Feb. ! 
ing, Februory 1954 


TP 41530, may be sent, 2 copies, to 
1954. New York Meet 
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basis (but not exceeding 40 lb per hr for any one 
given plant operation) 

size of the fume from ferro- 
silicon alloy electric furnaces is assumed to be 0.4, 
(as shown later, this is the approximate mean size) 
and an average loading of 1 grain per cu ft (stp), 
cubic foot of stack gas will contain approxi- 
mately 75x10 and 
confirmed, spherical shape and a standard deviation 
of unity). When it is realized that the air in metro- 
which are 


If an average part cle 


(based on assumed, 


particles 


politan areas, also general industrial 


areas, contains approximately 5x10° particles, the 
tremendous light scattering effect of this concen- 
tration becomes apparent. Consequently, nearly 100 
pet collection would be necessary to equal the 
average concentration. Fortunately, however, dis- 
charge from a high point above ground (50 to 100 


ft) will result in at least a thousandfold dilution, o1 
the stack concentration reaching the ground in the 
might result in a 
75x10° particles 
could be 


pet efficiency of collection ) 


ground 
If the concentration at 
reduced by a factor of 100 (99 
then 


Oregoingy Case 


tration of 


concen- 


the source 


a concentration of 


75x10° particles would be diluted to 7.5x10° which 
would be very satisfactory: An efficiency of 90 pct 
(factor of 10 decontamination) at the source would 
result in a discharge of 75x10" particles which upon 
dilution yields 75x10° which is still 15 times the 
general air value. Another approach to this con- 
sideration is to use the value of concentration of 
0.005 grains per cu ft for the value of a visible 
effluent as cited by Kayse.’ To attain this value with 
an average loading of 1 grain per cu ft would re- 
julre an efficiency, f 99.5 pct Since the foregoing 
value not based on any reported ze of fume 
parti le t feit that the number approach given 
previously is more reliable 

These calculati« erve to indicate the desirability 
of thoroug) leaning. pref t at the source, and 


with efficiencies wel] above 90 pct preferably above 


95 pct (dilution 1:20). One of the most important 
tems in any control program to reduce the con 
centrations as close t the) source as pe ble. The 
ise of better furnace de n, deepe coverage ove! 
the electrodes, and the prevention of blows or break 
ry the urface i help t educe d eT natior cor 

equer tly, al f these in ement i be made 
f pe Dit to cut dow the effluent Tel In addi- 
tior order t minir re the olurne ntarr 

nated air that has t be cle ed, the furnace hould 
be enclosed as much a po ble 


Test Arrangements 


Before fundamental studies with collectors were 


made, a furnace stack selected for the test program 
and 


mperature 


was sampled to determine the gas tem, 
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| Fig. 1—In order to determine the gos tem- 
peratures and volumes discharged and fume 
loadings at different points, the furnace 
+ Lhe stock wos sampled at the locations shown 


| 
| im the schematic drawing Tops were mode 
at 10, 20, and 30 ft in the stock The ex 
. perimental dust collecting unit, as well as 
the stocks, is shown 
‘ 
iiffer- ples of fume from a similar furnace had a mean par- 
UntuU tick e of 0.34 by electron micrograph analysis 
tained VMcT greea quite wt ll with the optical sizing The 
2 and pti indicated that the particles were spherical 
were ana Ut! was also easily evident in the electron mi- 
le ze rograph Examination of samples at several 
ad tr isand diameters indicated that the silica tume 
lely was completely spherical and formed chains. This 
ean chaining action could account for the extremely fine 
pe i part tnose it than 
effect n, which could be seen in 
gz W we aggregates which 
nt cope as sphere 
ta Under normal furnace operations, the particie size 
tria tribut with a ean get etric dimensior U.3 
t and 4 epresented average cor iit ns. Particle es 
t other varied from 0.01 to 44. During blows or breaks in 
t pur- the turnace irtace part cle a large as 40% were 
Tet btained and identified. These were presumably 
ade it arried up the stack. since the velocity was ap- 
A f proximately 2000 ft per min. This wot sustain 
kK particlk much larger than 200, 
it t 4. stud f the chemical | perties of the mate- 
valve al indicated that fume from 50 pct ferrosilicon 
ture fu act eration showed a on ignition of 
r ipproximately 1.3 pct, and at least 92.8 pct was u 
‘ the f ! f dehydrated silica. Optical analy n- 
r tm licated that the material was pre jominately amor- 
ollec- phou ilica with traces of iror xide and it con- 
ed the chemical analyse 
Ir 1ddition the chemica and phy ical analysis 
p- pect graphic” and X-ray diff: tion analyses 
es were the F 
id t \ D 
it 
] vere made Fume ample ndicated the presence 
ental f licon aluminun magne im 
anganese, coppe! nd titaniun Lead, tin, and 
inc were present in trace amount and sodium 
was present in slightly larger than trace amounts 
ibis I The percentage yf lica varied Detween O05 and 88 
three different fume amples, wt eas the ror 
n ana neentration varied between 6 and 25 pct The 
were bulk of the sampie theretore by pectrographic 
thougt inalys s in the fort f silicon and iror By 
r 02 we ht conve n tern | ca a icon di- 
the wide and rer x ilculat cate 
t am- the mat al Na r tre torn f these xides \ 
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| 
| 
| 
| 
é 
| 
ms 
/ 
/ _s 
J 
= 
i ged and WU Turne iG ad 
ia were I at « ind 
‘ let ‘ ewhere iwent my 
: i and f g and part 
t é ted el. Me 
grau pe itt will ve 
ate i ft Stack ¢ 
‘ petwee! } Lal 
I fT ter ture 1G 
+) he eT 
th stacks wv 
‘ Sitio: 
+} tins 
t imete t i2) w 
bef the ampling point upstrean 
tallation and ‘ t a f the 
were vided with S 
en t t 
mit ‘ ar ‘ j 
are epresentat ‘ t tre tre 
tr tial test a t wa 
the bbe nd at the me ‘ 
Particle Size and Chemical Composition 
\ j ‘ f the impies na ited n 
‘ were made wit! re 
tw that a numodel pa 
t biv fa be w the visit tv range eve 
re ‘ were found extrat tion | 
t These particle were not ed ul 
electror rr icroscope y +h nvestigat ’ 


moTawet TER 
asstwmy ~* 
STANOARD |” COPPER TUBING @ FITTINGS 


SAMPLING WOZZLE 


EXTRACTION THMOLE 


Fig. 2—Device, described in detail elsewhere, used for stack 
sampling at the locations indicated in Fig. | is shown in thes 
schematic diagram. The unit utilizes paper or glass cloth and 
tiber thimbles. Diameters of the upstream sampling nozzles 
ore 0.214, 0.247, and 0.295 in.; diameters of the downstream 
sampling nozzles ore 0.369, 0.422, and 0.519 in. Other speci 
fications are given in the diagram 

product ferrosilicon 


elements 


nparison with the furnace 
howed some 
l did not appear in the 


nickel, 


1d disappear! 


furnace during blows or by normal entrainment of 
atmospheric dust which did alter its crystalline 
structure. None of the fume samples indicated the 
presence of ferrosilicon but a crystalline material in 
the fume was present in traces which could not be 
identified. The X-ray diffraction library used is ex- 
tensive and comparisons were made with iron ox- 
ides, iron silicates silicates, and calcium 
carbonates; and many other potential compositions 


Crystalline substances, however, 


calclum 


were unsuccessful 
amounts and do not con- 


were 0 I nt in small 
1 could affect material purity 


stitute a 
In addition ) n roreg 


i some simple 
measurements were made 


physical anda hemical 
The bulk densit the collected material was quite 
and 10 lb per cu ft. This 

} ting, or degasifying, and 

could increase the bulk density several- 

in triple distilled water 
1% and 4 pet, de- 
whether! sample had been col- 

lected befor r af the wet collecting unit. Sur- 
fume in solution was 


rsion of furne 


indicated a solubility between 


tension depression of the 
surface tension apparatus 
has some detergent effect 


erved with 
materi 
pet reduction in surface tension 


1a produced a 
slightly basic and 


f the d spersion wa 


etween pH 8.2 and 9 


Wet Collector Studies 


ize spray-type scrubber? rated at 4000 


ge 
was obtained collec- 
show! in Fig 5, 
ft high with a round inlet 


rectangular) at the bottom. The 


a steel 


circulate cent! 


imber 


Table |. Stack Loadings and Sizes During Typical 50 Pct Ferrosilicon Alloy Operations 


Purnace 


ecation Cendition 


Particle Sise 
Loading 
Grains per Mean 
Cu Ft, Stp Microns 


Standard 
Deviation 
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| 
THIMBLE HOLDER | 
> 
ot 
T} 
a 
TI 
Hydraulic Scrubber f 
cu ft per min capacity 
in tion studi This unit 
t 
th fume tower 4 ft diam and ae oo 
wnoru ana sulphur These materials, in a reducing entering air stream Sifu allv thr ugh > oa 
itly do not volatilize and appeal this tower past a seri of nozzles which project 
as ae! ol Thev could also have been adsorbed as +} r of wor 
acTos ne ail a Variou 
gaseous materials on the fume aru unce! A Christmas tree central manifold made it possible Pos 
narm2 nectro uphic proce jures ‘ 4 ont 
To determine if the silica was in the form of 510 and types of nozzk n the circulating vertical air eS |< Hs 
510,, possibly as elemental silicon, an X-ray dif- tream. In the usual scrubber of this type, nozzles Bet 
fraction analysist was made on the spectrograph are mounted at the wall, but with th unit such - ne oe 
: ‘ C. S. Hurlbut, H Mine gic Laborat location can be made from the inside. A nummummr of Poe, 
furne mople tests were made with variable nozzle conditions 
X-ra liffraction analy ndicated that the furns The effect of nozzle pre iret and sut equent drop- Bes 
sample were completely different from the | ind et zes were also investigated ‘ir 
tery licon. Three fume samples that were studied A baffle top was provided which could be re Pe 
" 
ndicated the presence of a mall amount of quartz moved and replaced W nva j type of final ep cates 
fy } material rried from th irator nd eliminator In ti tudy. the perform- | 
i l tres iica oul pe material ci ‘ iro the al ana iimina I 
Sample 
Nes 
tack. 10 ft above furnace 451 before tag 122 02 03 4 
2 At tas ‘ 2 ae 
7 At tap time 
Mean 1.79 
I tack. 20 ft above furnace At tap t , oa 
4 fter tapping 42 
hr 4 fter tapping 2 
End of t x 4 
3 During charging 
2 During tapping 2 22 ee 
Me 
= 
I tack ft above furnace At tap time 
At tap time ‘blow through 972 2H 2tw4 


Table Il. Wet Collector Studies—Experimental Hydraulic Scrubber 


Air Flew 
Nom Ctm 
ber of tp 
Series Tests Range 
A 4 
) 28 
24 
) 
x as 
25% 
265 
7 ae 


Preseere 
Lewes, In. of Entering 
Water Tempers 
Range tere, 
»22 
t "2 
2 145 
8 
4 6 
‘ 2 
2 85 5 
52 48 t 68 
aa 92 
23 tw26 ‘ 77 
23 w24 70 to 220 
17 to 143 
72 wits 40 to 148 
048 43 73 
to 148 52 
77 78 86 


Leaving 
Tem 
pers 

tere 

2 27 

22 to2 

to 28 

27 to 28 

to 
4 
to 34 
2 24 
2 2 
Ttos 
5 
Sto 19 


Cellecter Conditions, Range 


Neasle Pressure 
and Flew 


Air Water Water 
Psi Psi Gpm 
9to 13 4.0 to 5.0 

25 to 15 

to 7 

4 to 2 4.7 to 5 
2 
6 8 
28 4 75 

40x 2 

40K 2 

2 

400 2 

“ux 

2 

4 x 

20 

uw 2 


Leading Range 


Grains per 


Ce Ft, Stp Efficiency 

Range 

Inlet Outlet Wt, Pet 
144 to 1.675 TT to 0.53 464to 772 
) 506 to 1.5 141 to 0.407 66.5 to 814 
980 to 2.11 289 t&« 677 42.6 to 
$35 t 856 0.078 to 0.266 73 to 65.6 
%9 to 2.27 Sat 54 95 
64 to1.77 58 to 1.08 99 to 394 
497 to 1.04 7 to 0.409 14to 684 

to 3.95 05 7 

6 tol 85 22 76 
9 to 2.31 M4 t 24 84.7 to 87.5 

73 to1 5t 4 to 

583 to 1.600 128 to 0 365 77 to 95 
483 to 5.7 0.120 to 1.02 56.0 to 82.2 
518 to 1 645 67 t Sto 42 
to 2.188 167 t ou 47 to 75.9 
202 to 5 34 4 2 ( 3 te # 2 
61 to 2.085 Mt 172 43.7 77.8 
463 t 742 237 80 4 to 884 
220 to 2.121 26 t 6 789to 883 
to 1.475 to0226 78.6 to 84.7 
to 2 B26 9G of 478 
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ance of a number of types of final separators and 

Table il. Con't. Fiberglas filters was obtained; see Fig. 4. In eval- 
: uating the wet scrubber performance, a series of 46 
different test arrangements were investigated. With 
each a tangement at least 5 individual runs were 
obtained and averaged. The test conditions, with 


Remarks and Observations en Test Arrangements 
“ results obtained, are indicated in Table II.§ 
Nozzle ondensed version of the data obtained, giving 
Positions Description The complete Table II has been deposited as 
with the ADI Auxilia Publications Project 
ice. Library of ¢ are Wast gton 25, D. C 
ed t arn be i by re 
4—20° from tangent Fishtail inlet, baffle top, 40 air-jet tar- prints f Advance 
B 0* dowr get nozzles spaced over entire height and che ders should be ade 
Cc O% 2 wall of tower. Average efficiency 59.8 pct toduplic Lit of Congress 
D 
on 
It will be seen from the complete Table IJ that 
A—Ta nt + et nozzles (target re 
jet retracted); round practically all possible physical arrangements of the 
only. Average efficiency 743 scrubber were evaluated. Conclusions presented in 
nce 
F this report are based on results obtained with the 
Same Same as E but with reduced air and variable conditions observed. During these tests, a 
water pressures Average ciency 
64.5 pet wide variety of furnace conditions were encount- 
A Circular inlet, baffle top, 40 modified ered. A 50 pct ferrosilicon alloy was in production 
5 bint tn. tone wall ry-uver in these tests. Average effi at all times with typical fume conditions resulting 
D—Equal distance ciency 64.0 pct from normal operations. Occasional blows in the 
E—90* apart 
furnace were an integral part of the sampling con- 
Lox ne spr r Buff 
placed 6 in. from flange into col ditions. As mentioned previously, the effect of 
Oe ae blowing and furnace operations affects the grain 
No nozzles or piping: operated as dry loading of the fume as well as its particle size. This 
e. « lar inlet; baffle top would therefore account for variability in each test 
Average efficiency 23.5 pct - 
ch eries ‘arly in the study, it was observed that a 
4 Tangentia Circula et, baffle top, 40 air-jet 
B—Horizonta modified nozzles (see G). Modified fishtail inlet inserted in the round inlet was ineffec- 
wer. pet tive and was removed. The circular inlet was 
— Rectangular inlet, Fibergias backet 1 changed to a tangential rectangular opening anda 
B—Horizonts n. thick fiter top ‘fiber size 100, observations were made with an inlet velocity of 
ri “ with washdow sprays we i2 
)—Low 2 ‘ set-up N 4000 fpm 
hrough 2 33 . mfer Based on the wet collector studies, the following 
E—Top 28 at as 60.1 onclusions may be drawn 
Re — 1—This device, with optimum nozzle location, 
x of i f ter . at 
2 ope ed 2 we nozzies pe tior ty pe and pressure conditions, provides a sim ple col- 
I 
ndicating plugging of filter top. Av lecting unit of low re tance (less than 2 in. water) 
erage efficiency 43.6 pct with a maximum collection efficiency of approxi- 
Nozzies sare as E Rectangular inlet Fibergias basket mate ly 70 pet 
ef filter tox ed with 
xed to 2504 glass fibers; spray 2—-Higher efficiencies were obtained by adding to 
aveter ed wit? 
odified Bufalo air jets; resistance this unit a Fiberglas conica) basket separator with 
SS various packings, but it was found that this soon 
lugged and could not be maintained in continued 
8 in. Owens-( I 
ke pre peration without removal and replacement. It thus 
cee a would be impractical for large scale use, The mate- 


al caught on the filter set into a hard crust which 


Changed to John Bean No. 2%; pene 
: could not be removed by washing if allowed to dry 


nozzles (40 nozzies) at 


rating spray 
end of 183 hr. Average efficiency 83 
pet 3—The wet collector appears to provide a satis 
Same basket as above; 200 hr opera factory method of reducing effluent gas temperature 
Average efficiency 70 pct 


and providing a discharge at air temperature 
Basket packed with 2504 Fiberglas ¢ 


to 45 in: 40 Johr 4—The wet collector condition with the highest 


pressed 
Bean nozzles, 3 hr ry yn basket 
pal performance utilized the high pressure nozzles and 
an shave be of a high pressure pump producing 400 psi. It was 
peration, most of bottom. spra found that the use of pneumatic atomizing nozzles 
plugged Average efficienc 
apparently resulted in low efficiencies because their 
Resistance across unit reduced f 1 droplets were too small to have sufficient trajectory 
22 water gage before test It apparent fron thi ; idy a well a others that 
“ a sprays tion 
@ test. Average efficier 60.6 pet iroplets in the range of 50 to 100u are necessary for 
Same basket as above with 44 hr ser projection acro the gas tream 
Average efficie y 73.8 pet 


Nozzles which tilized wate air-ie 
Test run after washing besket; unit ) NOzzZi« which utilized air and water (air-jet 
the 


resistance lowered from 9 to 72 ir nozzles) can provide comparable recovery to 
water ce: 48 hr set on basket 
re eff 84.2 pet high pressure nozzles The power consumption of 
Ave gee en 4 5 } 
Baske packed with 4 P ‘ the air-jet nozzk however, wa everalfold a 
T 25 
compared to the high pressure hydraulic nozzles 
us service on new basket at time of For this reason, it is considered uneconomical to 
test Average efficier 82.3 pct : ¢ 
utilize air-water nozzles for collector spray produc- 
Same filter basket as I-1 and 06 hr of 4 
sous e Average eff tior lt was alse determined that the air-jet nozzle 
. atts air consumption was a significant proportion of the 
New bDesket a8 at . r service total ime th ro igt the wet collector 


6—Wet collection produced a wet sludge which 
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cale 7.7 gal water per 1000 
a ft ulrements, therefore 
0 pet fume removal . 
d thar num of 1 gal per 
i JUYU gnized, of course, that 
¢ 5 nuct his 1 iltered and reused, but 
} nvolves treatment cost 
a ‘ y |- 2—Tests were not sustained long enough to de- 
> es : termine the mechanical operating performance of 
= ‘ P the unit for extended periods. Other applications 
os _ have indicated that this type of device can operate 
rig per rds witnout difficult ia at factory 
wate s available to avoid plugging of the 
] ithout the Fiberglas basket, the resistance 
yf the unit could be maintained between 1.5 and 2.0 
water, aithough it must be recognized that 
e of the power expended in pumping water is 
Fig. 3—For wet collection, a pilot size spray-type scrubber, rated at 


taining this resistance value 


4000 cim, was obtoined This Buffalo hydroulix tog scrubber is 
housed in o steel tower 4 ft diom and 15 ft high Diagram shows 
the schemot« orrangement of the test equipment, and the cross Studies with Dry Filters 


section of the wet scrubber « shown in detail Based on the authors previous experience with 
filtering devices for general dust problems and the 
lesprea is wo fat nie OUs 
ne naustry fiitrat tn yugt woo cloth 
11a eld the h effic cle if eda ca 
4 
fume ¢ ection. Using wo however, leads to tem- 
erature problem nee partially hooded electri 
ace stack temperatures re 350° te 
+- ig filte apt cat I tr naustr\ 
+ ent ng the ba house The is con- 
~~ 
4 —_ t ed t i i dew or cond sation on the Dags 
With tl irra ement, with initial tempera- 
ture of 400 t 700 °C nave peen ucce ssful fil- 
‘ t i th igh wo cloth at efficiencies well ove: 
9 pect The i tat nt filtration tl igt 
, e of the installation required because the 
Fig 4 be od dragram of the scrubber unit shows the schematic filte ' rate has t be maintained at 2 fpm or le 
arrangement of the Fiberglas pack os o final seporator in the spray ‘ stisfact ecove at econ: resistance 
tower unit By providing o removable baffle top which could be The ecent development of the eve e-iet rin- 
replaced with various fine! seporators and eliminotors, the per ted that th ie, ‘ 
formance of o number of types of final separators and Fiberglas ‘ 
ty blow-back g, has potential application ir 
‘ t The vet ige Va therefore nvestizgated and a eries if tests 
’ ; j f wt h ut e thre list t 1 cedure for possible 
nie t ‘ ation to the stack probien vere initiated 
‘ i that r Iulution: One procedure that can be emploved 
ent et id t t educe the gas temperature lilution wit! 
t \ i t e Fig. 1. Th equires thatar mh greater v ime 
: Oe€ i ga ana be hitered with a comparable decrease 
i fume ioading but with no fundamental change ir 
t tri it int mate il collected pe init time The 
é i form- tage of a lilution would be it mplicits 
ed be however! nan e mic ba t become ent 
t that fitrat it equire nsta at 
4 1 . ; thre. tirne the p} ca ‘ f those ised 
it nv ourse le pend Ipor the 
bis +} le perature n\ ved A he ea elation- 
Based eve ‘ et fiite ble that } ore imme ° 
t Oe per unit ea tr capacity mn be OD- 
‘ at t ‘ ‘ vale : t tained at reduced ading. Studie the reverse- 
bys i +} he t wit? t treatment et Alte were made in order to determine if fltra- 
free filt tix te as high 5 for frm ft of 
Pye est ert va a iotn area) ild be ybtained at reasor ible resist- 
vat ath j t f ances 
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The test arrangement for the air dilution studies 
is shown in Fig. 1. A pilot model** was studied 


** Aeroturn Reverse Jet Filter nufactured by Turner and 


Haws, was used 


The unit had an effective filtering area of 69 sq ft 
of cloth. Thus, at 15 cfm per sq ft, it could handle 
1035 cfm. A bypass damper admitted ambient air to 
the test duct at a point far enough from the collector 
inlet to permit good mixing; hence, air dilutions in 
tios could be readily obtained 
The results obtained at 3:1 dilution using wool 
collector are shown in Table III. The 
authors intended to study filter capacities (cfm per 
sq ft of filter surface) at values of 20, 15, and 10; 
but, because of limited blower capacity, it was not 
possible to attain the highest value. Each test rep- 
resents the mean of several samples taken over sev- 
eral hours of operation 

Table III indicates that the following conclusions 
dilution 


reverse-jetting on 


may be made with regard to air using a 


wool felt medium and silica 
fume 


1—With 


final capacity 


1 ratio, the 
sq ft ata 


atmospheric air dilution at 3 
obtained was 15 cfm per 


esistance of 6.2 in. of water 
2—-The efficiency was found to increase with 
plugging of the wool felt medium and ranged from 


94.81 to 99.36 pet 
The air dilution method is simple but requires 
ize to handle the volume 


with air 


excess ail 
equently, resistance values 
lilution are comparable to other cooling methods; 
hence, appreciable increased capacity cannot be ob- 
tained with lower’ resistance on silica fume 
Spray Cooling: A spray cooling chamber was pro- 


vided as shown in Fig. 1. With this arrangement, it 


vas po ble to cool all of the gas tream or any 
desired portion and thus mix the remainder with 
the cooled portion to prevent condensation. In prac- 
tice, temperature control is necessary to prevent 
jew or condensation from occu at the filter 
urface. In tl study only manual control was em- 
ployed. The average water rate supplied to the 


Very little of this 


could be 


chamber was 3 gal pe! 1000 cu ft 


was used in actual cooling and therefore 
om 
recirculated The actual amount of water to cool by 


computed by heat balance as less 


1000 cu ft. It was found, however! 


evaporation was 
than U.3 gpm i 

nozzles used for spraying were 
of solids (approxi- 


stream 


that even the coarse 


removing a significant portion 
15 pet) from the gas 
obtained from the spray-cooled 


data shown in 


mately 
The conclusions 
eries on woo] felt are based on the 


conclusions are as follows 


1—Efficiencie of removal of silica fume are 
lightly higher than in air dilution, ranging as high 
as 99.91 pct. Since the fabric had previously been 


plugged during the air dilution tests, this could be 


1—The final capacity measured with spray cool- 
ng was 9.4 cfm per sq ft at a resistance of 6.8 in. of 
water. Spray water was supplied at 3 gal per 1000 


i ft, of which 90 pct can be recirculated after filter- 
ng the liquid toe remove the solids 
The spray cooling chamber with coarse noz- 
les removed approximately 15 pct of the fume in 
the gas stream 


4—Liquid or spray cooling appears to give a more 


economical result, since the increase in capacity 
with air dilution cooling is not in proportion t 


volume of air that must be handled, since only 50 
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Table ill. Effect of Air Dilution® Cooling on Wool Felt Reverse-Jet 
Filter Pertormance, Fume from 50 Pct Ferrosilicon Furnace 


Leading 
Mean 
Inlet 
Capa Pet Tem Inlet, ent 

city Ring pera Grains Grains Pet Wt 

Cim per ance Opera ture per perl Re- 
Test No. Sq Ft ten < cer Cat tentien 

16.1 i4 10 45 0.042 22 48 

2 9.8 2.8 10 47 0.108 4.2 96.1 

3 99 2.8 50 54 92 98.2 

4 1] 25 0.119 26 98 6 

5 7 5.8 50 46 0.204 24 va 7 

6 66 5.8 51 211 2.4 0 

7 13.2 5.7 7 51 0.181 22 968 8 

8 22 53 0.332 2.1 

26 60 0.462 4.7 99.3 

l 12. 6 40 tv 238 12 98.6 

4 11 5 100 52 0.357 2.7 992 

7.8 1.7 wo a5 0.148 6.1 95 8 

4 4 Ao 48 0.171 98.1 
* Dilut ame to 1 from stack gas effluent. Each test repre 
ser t t period downstream of filter with sev 
eral uj < " oading. Unit was on stream over 8 day 

per 


pet increased capacity was obtained for a threefold 
in air volume 


Temy erature Medium 


increase 
High 


performance, it was felt that 


In order to improve 
if a high temperature 


resistant medium with comparable performance to 
the wool felt could be developed for use in the 
reverse-jet or self-cleaning filter, it would be the 
ideal solution to the electric furnace fume problem 


After considerable 
type composition medium 
Orlon cloth with of resin-bonded fine Fiber- 
glas wool (feltlike) between the two layers of cloth 
hown in Fig. 5. After preliminary 
was fabricated into a bag with the Fiber- 


experimentation a sandwich- 
consisting of two layers of 


a layer 


Was conct ived, as 
tests. this 


dimensional stability 
were conducted with this 


glas-Orlon quilted for 


Initial air dilution test 


medium, followed by continuous tests at high tem 
perature with direct filtration. Results of these 
tests are shown in Tables V and VI. Actual tem- 


peratures obtained in the continuous tests did not 


attain stack values, since apparently the heat losses 
from the filter and the cooling effect of the reverse- 
The high temperature medium proved satisfac- 


extended period of 648 hr continuous 


Fig. 5—High tem 
peroture-resistant 
medium used wos 
sandwich. type, con 
sisting of two lay 
ers of Orlon with « 
ioyer of resin 
bonded fine Fiber f 
glas (feltlike) be 
tween the two loy { 


ers of cloth. This ‘ 
filter medium, 

cross-section and 

details of which 


diagram of the re 
verse-jet filter, wos 
fabricoted into 


bog with the Fiber & — 


tor dimensional sto 
bility 
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Table 1V. Effect of Water Spray Cooling” on Wool Felt Reverse-Jet Table Vi. Performance of High Temperature Medium” in Reverse 


Filter Performance, Fume from 50 Pct Ferrosilicon Furnace Jet Filter, Fume from 50 Pct Ferrosilicon Furnace 
Leading 
Mean Leading 
Filter Mean 
Filter Water tniet Caps Iniet went 
Caps Re Kale Tem Iniet ent city Re Tem- Iniet Grains Pet Wt 
sist Gal per pers Grains Grains Pet Wt Cfm per- Grains per Ke- 
(fm per sence ture per Re Test per ance ature, per ten- 
Test Ne Sq Ft nO Ce Ft ‘ Ca rt Ce ft tention Neo. Sq Ft HO c Cut Ce Ft tien Remarks 
‘2 24 ‘ 24 "9 6 95 25 28 97.7 Before 
4 2 2 ‘ 2 ws 
2 
2 ‘ 62 6.8 98 8 92 D g tag 
2 ‘ 2 99 era 
‘ 2 2 2 4 ‘ 62 
49 f we 2 4 
62 78 
2 7 0g2 
a 62 we 
‘ ‘ i! a ve trie 
A ‘ fitted 
‘ 
j 24 
i ‘ ‘ : 2 
2 64 
t a 2 
se 
7 9 Tr sgh tar 
r 
r ear as Table 
f seca 
648 t ed 
) 19 
ed ile Ost irpiy and capacity 
educed. Improved furnace operation results in 
educed sc and presumably increases filter life 
he 
rree t Ir egard to the iry fiitra- 
but 
7 t ter it wa found that lower resistances 
withstand 
be obtained by shaking or disturbing the bag 
leposit nce the blow ring only loosens the layer 
ilnta for a certal oOrositys 
N} 
At the present t P t appea possibie to clean 
we 
, t ishing wiping the insiae f the bags simul- 
t witn ne reve e-jet operation 
wiping a arrangement and ve brushing 
Tab of A slue Rew Filter wit 
sble ¢ Delu 3 everse ) er with tating eaning levice have been ink 
High Tempereture Mediom. Fume from Pct Ferrosilicon Furnace 
J ted me new init It believed that 
tne ieveiopments w iid have potential applica- 
Mean ee tud n reducing re tance values be- 
Imlet +) ‘ htained 
(Capactt Tem Imtet Gre Pet we 
pers. Grains per Re 
Test per ee, tare, per oo tes Summary and Conclusions 
Na Sq Ft no ‘ tet ce Ft ther Remarks 
rt pape! im? es the result f a two-year 
nm met ov furnace fume collec- 
t the Nig i if nt Va idiur Cory I 
" Ar A stud f the perf mance haracteristic 
. pre ire f es in a Cc} nic scrubber is in- 
‘ led. An evaluation of d collection units ut 
O Fiberglas mediur with dilution a oling 
‘ ‘ ‘ v2 g tay wate pray cooling, and direct filtration with higt 
ter ‘ ature fu ‘ rep ted 4 comr n of the 
two unit th in performance and operating re- 
The re t f the wet collect tudy ir ate the 
best m ‘ ‘ ng efficiency for this unit would 
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be in the vicinity of 70 pct with a resistance to flow layer quilted medium without auxiliary cooling 


or overall pressure loss of approximately 2 in. of gave a value of 7.4 cfm per sq ft cloth area. 

. ‘ water. Experiments utilizing a Fiberglas basket On a basis of these tests, it is felt that a dry col- 
packed with varying grades of coarse Fiberglas as lection unit with high temperature-resistant medium 
a trap for carry-out (moisture and fume) and indicates the most promise for direct application to 
equipped with washdown sprays were not successful fume recovery of ferrosilicon electric furnaces 

. and indicated that it was not possible to maintain A study of other types of wet units which could 
efficiencies above 70 pct during sustained operation be applied indicated that the unit studied had per- 
because of plugging. A variety of packs were tried formance comparable to any other units now avail- 
but none could be successfully maintained at con- able. In the case of dry filtration, the reverse-jet 
stant resistance unit provided a nearly constant resistance device at 

The most efficient pumping and nozzle arrange- high air flow capacities. Although wool cloth shak- 
ment found was the use of a high pressure fog noz- ing-type bags, such as are used in smelters with di- 
zle operating at 400 psi water pressure. Air-jet and lution air or water spray cooling for temperature 
pneumatic nozzles were tried but were found either control, should give comparable efficiencies, they 
uneconomical or unsuited for satisfactory perform- would require much larger size bag installations 
ance. The wet collection unit was found to satisfac- because of the 2 cfm or less per sq ft requirement 
torily lower gas temperatures and appears to have in capacity 
promise for the collection of soluble fumes. In this Acknowledgments 
instance, it recovered ferrosilicon fume at an effi- The authors wish to express their appreciation for 
ciency of 70 pct, but a considerable carry-out of the technical assistance and cooperation rendered 
water and overall water consumption was entailed by the following people who assisted in this study 

On a basis of this investigation, it was concluded Roy P. W en and Robert De Benham of the Buf- 
that the wet collection unit is not satisfactory for falo Forge Co., Theodore Place and David Henthorn 
high efficiency removal of ferrosilicon fume without of the Vanadium Corp. of America, and Charles E 
a secondary collector It mav be suitable for other Billings of the Air Cleaning Laboratory, School of 
ferroalloy fumes of larger particle size from othe! Public Health, Harvard University 
— a. - Discussion of this paper, if any, will appear in 

The result of the study on a dry collection unit : ne , 

- : or JOURNAL OF METALS, November 1956, and in AIME 
tilizing the reverse-jet principle indicated that it \fetais Branch Transactions, Vol. 206, 1956 
was possible to obtain satisfactory performance witt 


id dilution, spray cooling, or the high temperature- References 


‘ tant medium. The capacity of the unit varied J. R. Kayse: Graphical Selector for Air Cleaners 
with the type of air | eatment employed. With Heating and Ventilating (1953) 50, p. 80 
any of the three methods investigated, efficienci R. Dennis, G. A. Johnson, M. W. First, «nd L. Sil 
well ver 99 pct were obtained with operating re- Vermas How Dust Collectors Perform. Chemical En 

tances of approximately 6 to 7 in of water The ee 1952) 39, p. 196 ‘ 

adi Engineering London (1941) 152, pp. 141, 181 Data 

naximum capacity with air dilution was approxi- contributed by C. J. Stairmand 

iately 15 cfm per sq ft of bag, with spray cooling H. J. Hersey. Ji New Developments in Reverse 
apt , ately 9'2 « per sq ft cloth, and the Jet Filters. Quarterly Amer. Industrial Hygiene Assn 
high temperature medium utilizing Orlon-Fiberglas 1953) 14, p. 3 


Preparation and Chlorination of Titaniferous Slag 


From Idaho Ilmenites 


mamas the past few years, a considerable ton- ginal venture when it is the only marketable prod- 
nage of ilmenite has been produced as a by- ict, and it wi i necess: to estal h a byprod 


product of a monazite dredging operation and ict market before the operation becomes econom) 
sto ed near Boise, Idaho. Thi menite ha é table 
not been I keted because of the r distance F y im 1954. the Bureau of Mine Northwest 
from ilmenite-consuming areas and its compara- Electrodevelopment Laboratory it Albany Ore 
‘ " TiO. content Productior ot! nazite nducted a serie { test which demonstrated that 
from the ; Via ind deposit if Idah« a mar- are furnace meltir ild be utilized to produce 


AH ROBERSON ond L. H. BANNING, Member AIME, are commercial quality pig iron and a high titanium 


Chief, Branch of Process Metallurgy, and Chief, Pyrometollurgical content gt these menite Additional studie 

Bronch, respectively, U S$. Bureau of Mines, Region |, Albany, Ore howed ch nated readily to produce 
Discussion of this paper, TP 4094D, may be sent, 2 copies, to 1 Sa " | 

AIME by Feb. 1, 1956 Manuscript, Feb. 7, 1955. Chicago Meet The investigation was carried out by two research 

ing, Februory 1955 teams. The Ferrous Metals Branch, with adequate 
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A three-phase cylindrical stationary pit-type ed. These results are shown in Table il. The in- 


‘ 
AP 
iB 
* 
f 
See 


expe 
a 
‘ le I 
‘ 
ne a 
Sme Iting Investigation 


‘ 
Anal wee Concentrates Per ntoges 
lot lot Let Let 
‘ 
+ 
3 


JOURNAL OF METALS, DECEMBER 1955 


Fig. |—Overall view shows the furnace in 
operation. A three-phase cylindrical sta 
tionary pit-type electric arc furnace, desig 
nated ESA, was used in the tests described 
Both carbon and magnesite refractory lin 
ings were used during the ilmenite-smelt 
ing tests 


or ar int f less than 0.1 pet These ilmen- 
ire t j able proce ing into a 
f ict f ation because f the low 
er f cr e consume uch as MgO, CaO 
) ! ALO The manganese and columbium 
these te ire I speck nterest ir 
be ecove able na combination 
1 cn it nh ope ations 
ip? exa natior f the variou lots ol 
‘ te é that 67 to 81 pct of the concen- 
‘ va 1 wit? nte own magnetite and 
te A tr rT all amoun 
‘ Ve ount magnetite ana 
vere ‘ These combinatior f min- 
inted 14 ct the tota 
e: It ie ible to smelt ilmenite 
it lux in the furnace charge when the 
e used f either the production of metal 
ent The elitr pe t of ich a slag de- 
is on the ntent of slag-forming constituents 
" te elted a j the FeO content of 
produce The melting point increases a 
ee) nt t ir und the FeO content de- 
ist ind tre e of reductior great 
igh yme TiO educed to Ti,O,, which makes 
elting | t of the i f higt 
‘ , tir esearch at the Northwest Elec- 
le f La at ha hown that the 
eit t per tor irnace a 
the t t eda ana the elec- 
t Ge yood chit vere 
the j ager e the highest smelt- 
ature are att ned wit! i is Tturnace 
ga iow DUIK lensit Occasiona 
eta i ca Ke Va vided since t a 
e offective educ ent at nign te jtures 
vere Dtained ca ind were pro- 
ed ng scra wood veneer and slab 
‘ he ngest timer n 
es thar lu ind were relatively free of 
just and splinters. The average fixed carbon 
tent of tne wood chips and the metallurgical 
on a dry bas was about 23.5 and 80 pct 
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A three-phase cylindrica! stationary pit-type ed. These results are shown in Table Il. The in- 

electric arc furnace, designated ESA,” was used in crease in wood chips to the furnace in the second 

: j these tests. Fig. 1 is a view of this furnace in opera- period resulted in an appreciable increase in TiO 
tion. During the ilmenite-smelting tests, both car- content of the slag and a small increase in the smelt- 

bon and magnesite refractory linings were used ing temperature. The higher wood chip content of 

The crucibles of the carbon and magnesite-lined the charge during the third period resulted in higher 

shells had 28 and 32 in. ID, respectively slag tapping temperatures and slags of higher TiO 

The dry ilmenite, wood chips, and coke when content. However, the slag became so viscous by the 


used were weighed and mixed in a 6 cu ft concrete end of the third period that it was necessary to re- 


mixer. The mixed charge was loaded into a charge duce the amount of wood chips to 100 charge 
bucket, hoisted to the charge deck, and stored adja- to remedy difficult furnace operations r 93 hr 
cent to the furnace. The furnace was preheated by of operation, iron began leaking through the furnace 
rhelting a weighed amount of pig iron on the fur- bottom and the test was terminated 
nace hearth. When the desired temperature was Examination of the furnace lining after it was 
reached, the mixed charge was carefully shoveled cooled and removed from the furnace indicated that 
into the furnace until a dry top about 3 ft thick was the carbon brick re ted the corrosive action of the 
established. The charging rate was then adjusted to slag but that the carbon was soluble in the very hot 
the smelting rate to maintain a dry top of uniform pig iron. Fig. 4 is a view of a segment of the fur- 
depth nace lining removed from the owe part of the 
The slag was tapped from the upper taphole of furnace and shows how the pig iron had attacked 
the furnace into conical cast iron slag pots. When the brick 
metal ay peared in the slag tap, the lowe! taphole To establish definitely whether carbon refractory 
was opened, and the pig iron was tapped into a s unsuitable for smelting ilmenite, the furnace was 
geared ladle and poured into pig molds. Figs. 2 and relined with carbon brick for the second smelting 
} illustrate these operations Usually three slag taps test. The most promising conditions developed for 
were made to each metal tay furnace operations during the first test were adopt- 
The electrical energy input to the furnace ed. The test was divided into two periods: during 
from 245 to 340 kw. The voltages used variec 
a high of 118 to a low of 81 v. Somewhat higher 
voltage were used in the tests in the carbon-lined 
furnace than in those in the magnesite-lined fur- 
nace. The voltage e controlled to maintain an 
arc-resistance melting operation without undue 
ect! le ir? I 
Re t f Smelting Tests Each of the six lots of 
menite wa neited eparately two iot n the 
carvdor ned furnace and four m the magne te- 
lined furnace The preliminary smelting test was 
livided into four periods; only wood chi wert 
used as reductant In an attempt to attain the highest 
possibl melting temperature During the first 
three periods ol the test, the weight of the wood 
chips used per 100 lb of ilmenite per ch was in- 
creased from 75 to 100 and then to I the 
respective periods In the first per ‘ lag- 
tapping te atures and the TiO, contents of the 
lag samy re considerably lower than expect- Fig. 2—Titanium slog was tapped from the upper taphole of the 


furnace into conical cast iron slag pots. Tapping pig iron is shown 
in Fig. 3 


Table Ii. Preliminary Smelting Test on Lot | Iimenite in 
Carbon-Lined Furnace 


Peried Peried Peried 4 
4 
x 24 299 2a7 
kw 7% - 4 
Slag 242 14,14 
\ ae at 
‘ 449 449 i 49 +44 
Pct T "2 02 2 
iv 
Ku ‘ 
2228 2342 2s 
Kw ed pe 
pig 4207 ove 6218 
a. average. ib 25.9 25.9 254 25.9 
Sles - ; a 78 3 4 2 48 Fig. 3—During the slag tapping operotion shown in Fig. 2, when 
ed smelting eff metal appeared in the slag tap, the lower taphole wos opened; the 
168 14 pig iron was tapped into o geored ladle; and the metal was poured 


into pig molds 
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Table Ili. Summary of Smelting Tests on iimenite, Lots 2 through 6 


limenite Let Ne. and Smelting Peried 


6-1 5-1 it 5-2 4-1 3-2 
62 74 9) 19? 
4 27 7 5. 
2 249 287 269 $40 
te 
42 75 30K 395 
7 8.400 4917 24.600 
‘2 9.724 66 13,648 
2 +4 ve 62 6 
‘ BO a2 9 82.7 
+2 98 6.7 at 
, 2 24 448 7 “ 1.96 
0 08 8 
+4 12 2e 2 
2.49 29 2.7 2 2 2.814 2,58 
+ 26.5 
62 ‘ 
+ 2.18 7 2.02 2.07 
‘4 49 8 2 
I t the magnesite-lined furnace and the second 
test the carbor ned furnace e shown in Table 
i i i re tne table ire fhe ied figure 
‘ te the he und the smelting pet 
the effect the arbor atio t the 
} ‘ equirement. the olum: ire ar- 
te f increasi: arbor it The 
‘ re table ire the pe 
na iua at ar Varied 
I vere | iced f ‘ is, but ght 
ease it ‘ ea a cutdack 
i the | the ta 
‘ te ‘ vere il eda I ri.O A t ca 
ted ri.O, content of 25.3 pct on a 
‘ rio 
‘ I th ‘ f the test n lot Ne a 
is <f : t of ines¢ e was added to the 
j na ‘ t ne whether anganese 
diss tin w. At first. enougt 
‘ ese wa idded the et lispiace a 
| iL I le these litior a 
‘ lerable a t f manganese appeared t 
he elt the mal ness iditior vere it ir 
tir me eturned t norma 
on te f the ‘ varied 
eciat ha , +} tect but me hift 
a ast 6 pet 2.4 t Fe 
| | cor ea a it 
f Sme Re Examination of 
P te na the cart mtent of 
+) P ed eased TiO ntent 
‘ creased tent f the pis 
ed eased imption pe 
tor iced 4 1 metal-to- 
he fron omplete oad th furnace linen 
Fig. 4-—When the opere was comp e furnac 9 ed tent of the slag. and 7 jecreased 
hed cooled and was removed trom the furnece examimation showed 
that the arbor brick resested action by the slog How 
ever. the was found to be soluble in the very hot pig iron ‘ > 
The photograph shows how o segment of the furnace lining removed ne da 
trom the lower pert hed been oftected emperatures me 1 this wood 
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chips gave no marked improvement. Some coke in 
the furnace charge is beneficial in producing slags of 
TiO, content and in reducing electrode con- 
sumption. Small increases in electrical energy input 
furnace did the smelting tem- 
perature significantly 

The use of manganese oxide in the furnace chargé 


higher 


to the not increase 


definitely aids elimination of iron from the slag. If 
this slag is used in a chlorination operation, the 


chloride valuable 


manganese 


byproduct 


may prove to be a 


Chlorination Studies 
hi 


The purpose of portion of the investigation 


f 


was to study the chlorination characteristics of a 
specific type of slag and to determine its suitability 


for commercial production of TiCl, 
Materials: The slag was tapped from the 
into conical cast allowed to 


and 


iron siag 


pots, 
then dumped. During the subsequent 
cooling period, it decrepitated readily; and by the 


time the mass had 


reached atmospheric tempera- 
ture, the entire button was reduced to fine flakes 
Fig. 5 shows several slag buttons that displayed this 
property. From the standpoint of charge prepara- 
tion, this phenomenon appeared to offer a numbe! 
if advantages. However, it was believed that varia- 
tions in cooling conditions might affect chlorination 
characteristics Act rdingiy, the cooling step wa 
varied in several ways l1—The slag was wate! 
quenched as it was tapped from the furnace. 2—A 
oon as the slag solidified in the ladle, it was placed 
na 50 gal barrel which was closed and evacuated 
to 5 mm Hg } Sample of water-quenched ana 
vacuum-cooled lag were crushed througt 200 
r h and ignited a 00 ( n all In additior ul 
treated ilmenite concentrate and slag containing at 
mai ar int I ganese were cI \rinated 
The tita j ontent 1 the ags wa eported a 
rio alt! igt t was nized that ther ioweé 
ich as Ti.O,, might be present 
| te } f art I Ke ‘ por 
Va ised in a test It ntained 91 pe xed ca 
bon and 9 pct volatiles 
Equipment Preliminary ill scale tests made 
nl and 2 \ tubes | led enough data t 
Varrant nstructior the + n vertical 
rinat ina ntegratead condense ter e- 
jyuired ve ind sepa mio! 
iuct A schematic diagran the ex 
‘ ental apparatu how n Fig. 6 
The natior nar be ID, u 
Va fused quart tube ck i at each end 
head whict vere ealed to the tube | packed 
f ! ring Hea g wa led | 1 5.5 kw 
tube lurnace De ea temperature ver alr 
tained i conventional met yntrolle A 
n Kel tube provided acce to tw tanade connected 
kel naense! The f t le ned tral 
ed the slatior f heated 
The second was wats ed and was de ned 
to lense the Tit 
Re ia pa ed nto t 
packed wit! i Rasct A ntt b 
nt the ert a exhaust tack Afte pa ne 
+} igh the . bbing t we the vast wate Va 
| nhargeda to the ewe The washed i 
harged into an exhaust tem through a flexible 
nduit 4 gasket n the scrubbing tem were 
vethvlene 
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Thermocouples placed at strategic points in the 


system provided the necessary coverage of tempera- 
tures. Thus, any change in reaction rate as well as” 
the progress of chlorination was followed readily 
Corrosion tests indicated that chlorine did not 
attack nickel at the temperatures involved, and it 


was used for all applications where corrosion might 


problem. Iron 


have been a could have been used in 


the two condense! since none of the temperatures 


exceeded the sublimation temperature of FeCl, 


However, in an intermittent operation such as this 


where complete cleaning was a problem, possible 
hydrolysis of some of the chlorides and the subse- 
quent iron corrosion made it desirable to use nickel 
The following } cedures were typical of all tests 
A bed of 4 mesh charcoal in the bottom of the 
ch nation shaft served as a support for the charge 
if about 5 lb of b Afte the entire ystem 
was purged with he im, the charge was heated to 
480°C and the intermediate condenser to 150°C 
Chik 1e was admitted through a port in the bottom 
f the shaft. Chk e flow was regulated by a flow- 
meter, and the amount used was checked by fre- 
juent weighings of the chl ne bottle rhe reac- 
tion started at once, and due to its exothermic na- 
ture, the chlorination temperatures rose rapidly. By 
ontrolling the temperature of the surrounding fur 
nace, the chlorination bed we maintained in the 
me bor} of 
Three principal products resulted from the chlori- 
tior l rid with a boiling point of 136°C, 2 
Fe with at ation point of 315°C, and 3 
vit melt point of 650° 
Mmcl, and Fet eft the reactor as gases and were 
ected in appropriate condense The MnCl, re- 
ained in the charge as fine crystal Significant in 
east temperature might have caused it to melt 
enough to cement the charge and complicate the 
removal of re lus { m the furnace 
The tende lense in the 
( ve arm t the I ndenser wa 
vercome t prope I peration, the 
tr aye as not seriou 
nd j ccurre wosit of FeCl 
ected the condens« walls and was removed 
i at the end of the in 
ri collects n the bottor if the final cor 
lenser and W irawt ft int Condensa 
I ete 1 or a trace I 
A et t the ig where the discharged ga 
A I tr The t { a hi] ride 
amber-« ed ft tanding enough for a 
brick-red suspended material t ettle 


Fig. 5—After the high titoniwm slag wos tapped trom the turnoce 
as shown in Fig. 2, it wos aliowed to solidify and then dumped. The 


photograph shows several slog buttons that had decrepitated ruadily 
during the cooling period By the time the buttons had reached 
atmospheric temperoture, they had been reduced to fine flakes 


DECEMBER 1955, JOURNAL OF METALS—1339 


. 
| 
i fy 


‘ ‘ ned ea iunuoU 
the cl nation 1 Table IV. Effect of Varying Chiorine Input Rates 
‘ té ‘ j ‘ r we 
‘ Ag ere Charge Chierine Increase in 
- Charge Chierine Tempera Efficiency TiC Pre 
le Lor if tted mu- Le Lb per Hr ture, Pet duction Rate 
4.42 60 
2¢ 852 72 28 
of Ope es: Briquetting Tests 68 738 74 9 
(one equ te for j tu nl ra tre 
f binds ire controlling fact f Icce f tained during the tests. in this 
, ‘ n, cl ne efficien lefined as the per- 
‘ ent ent the cr ne ed that converted to 
‘ i bit Titar m efficien ther the percentage of 
‘ lhe e ide it niu n the charge converted to TiC] Data 
{ ‘ t 16.6 nese test t n Table IV 
t } ( i ret t It nd ited that ncreased rate of chiorine 
‘ th ncre ‘ tne me efficienc pl bably 
‘ teh et the cre n temperature Howeve tem- 
le ature ibove 900 e to be avoided be- 
ne attack n the equipment 
e must be established between rate 
et e addition, charge tem; TiCl 
‘ te i ljual pe it ns 
i id ted accurate from mail sca 
Va The tandard ite f 1 ib Cl per hr was adopted 
for ? i Value gned permit a 6 hr furnace cycle 
: etort t without depletir the TiO, content of the charge 
? below a point where teady state conditions could 
Chlorination Rate Studies—-These test wert be maintained 
4 ne Chlorination Temperature—The temperature nec- 
let essa for efficient chlorination:is an important fac- 
2 ext t n equipment design, carbon consumption, and 
Ir ] Preliminary test ndicated that an effective 
‘ the c} ne } nation could be accomplished at 500°C. Rais- 
t 1 the r the temperature to 700°C produced no marked 
temperature Carbon Requirements—-Based on the reaction 
e depth of t rio _& 2Cl TiC] CO., 12 lb of carbon 
% Fig. 6—Schemotic diagram shows the ex 
perimental titanium slag chlorination unit 
: used. After preliminary smal! scale tests 
in 1 and 2 in. Vycor tubes, the 4 in. vertico! 
shaft chlorinotor and integrated condenser 
system illustrated were constructed for the 
recovery and separation of the chiorimation 
products 
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would be required for 80 lb of contained TiO.. If 


the reaction followed the alternate pattern, TiO 

2C + 2Cl, TiCl, + 2CO, the proportion would be 

24:80. However, it is quite likely that the slags con- 
i variable amounts of Ti.O, or lower oxides. 


iminates precise proportioning 


lies of ZrCl, 


hens and Gilbert’ in their stud 


production showed that the calculation of carbon 


equ was difficult and that the most satis- 
facto rtions were determined by actual 
cl nation tests. The same approach was adopted 
n tr nvestigatior 

r-cooled slag, crushed to —200 mesh, was mixed 


varying amounts of carbon and 4 to 5 pct dex- 


Briquets were dried, fired. and crushed to 
4 in. and the charges were chlorinated 1 hr at 
500°C. Results are shown in Table V 

Although mixtures containing 40 pct C gave 


higher chlorination efficiencies, the presence of ap- 


Table V. Results of Chlorination with Varying Carbon Ratios 


Carben in Charge, Pet TiO, Chierinated, Pet 

2 

20 4 

7 ‘ 

0 9 

4 7 
preciabie amounts of fine carbon in the chlorinat 
shaft caused channeling o packing; thus the choice 
tf a 25 pet C mixture was a < mpromise between 
chk na efficiency a: d fine carbon in the chlori- 


nation residue which might reduce furnace capacit 
Effect of Particle Size—Slag particle size may 
l rt in the design 


cance when grinding costs are 


from sized slag were given a 
ent by chlorinating the charges 
ffect of particle size was evalu- 

ated from the amount of TiCl, produced and 
hown in Table VI 

These data show that the chlorination rate dro; 
ipidly when particle size is larger than 65 mesh 
In this investigation, all studies were made or 200 
mesn mate 

Chlorination Test Data for the following test 
made in the 4 in. chlorinat with a 20 in. charge 


depth, are shown in Table VI 


pth, ar 
Test No. 1, Nermal Air-Cooled Slag—This mate- 


il was ground to 200 mesh, mixed with 25 pct C 
briquetted, and coked at 700°C. Charges weighing 
ibout 5 lb were cl inated for 6 hr, with a chlorine 
flow of 1 Ib per } The average chlorination tem- 
re ture was 735°C Ap} oximately 75 pct of the 
titanium present was converted to TiClL. with a 64 
pet Cl efficiency 

Test No. 2, Water-Quenched Slag—-Severa] tests 
following the procedure described for the air-cooled 
lag showed that only minor variations in chlorina- 
tion temperature hiorine efficiency, and chlorina- 
tion rate resulted from the change in s!ag treatment 

Test No. 3, Vacuum-Cooled Slag—Charges treated 
mn the tandard pattern described for air-cooled 
slag showed slightly lower chlorine efficiencies and 
chlorination rates reaction temperature were 
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Table Vi. Effect of Particle Size 


Slag Size, Mesh Ticl,. G 
20K 
20 
5. 1s 
2¢ ‘ 
20 


Test No. 4, Ignited Water-Quenched and Vacuum- 


Cooled Slags—In general. ine efficiency, reac- 
tion temperature, and chlorinatior ate exceeded 
the values for unignited vacuum-cooled or water- 
quenched slags. Ignited vacuum-cooled material 


gave the highest titanium efficiency of any material 
tested 
Test No. 5, High Manganese Slag—During smelt- 


ng tests, an attempt was made to displace part of 


the tron in the slag with manganese. The resulting 
lag contained 86 pct TiO. 2.4 pet Fe, and 7.1 pet 


Mr Preliminary test ndicated that the MnCl, re- 
mained in the chlorination residue and could be 
rec ered by wate leaching It is believed that it 


would be more eadily salal 


than FeCl. When 


chlorinated in the usual way, it was determined that 


there w little variation from the behavior of ordi- 
nary lags regarding reaction temperatures and 


chlorine efficiency. The MnCl, did not flow or bind 
tne charge 


Test No. 6, Iimenite Concentrate—I)menite con- 


centrate containing 35 pct Fe and 41 pet TiO, wa 
ind through 200 mesh, mixed with 27 pct C, and 
t juetted After firing at 700°C, a 5.7 Ib charge 


was chiorinated at 700°C for 6 hr with a chloring 


flow of 1 lb per hr. The charge chlorinated satisfac- 
t ly: howeve the production of 1.1 Ib FeCl, for 
‘ ny f Tit i problem of consequence 
nee ne cor impt ild be doubled and 
the dis; “ of ich large an ints of FeCl, would 
be difficult. Conversely, wher lag is chlorinated 
or b Fe iuced | each pound of Ticl 
The economi i convertil the FeCl, to oxide and 
muitaneousiy recovering the chlorine wa not 
expl eda 
rinatio hout Carbon The po bility of 
ipgi titanium-beari i to 94 pet Tio 
where t could qualify for the rutile market. wa 
tudied. Admittedly, the final product would not be 
itiie, Dut the enhanced TiO, content might allow 
ts use in some of the applications that now specif 
+} e exper we 
It was postulated that. in the absence of a reduc 
! gent niy the n and manganese would chlo 
nat na tf these chloride iid be leached wit! 
Wat The fir product then would be a high TiO 
ntent slag n othe mpuritic Severa if 
ample f rying TiO, content were chlorinated 
wit! it cart t 5f One was composed of 20 
mesh mate ’ tine vere ground through 200 
mech ne wv } juetted. and on harge w chio 
nated inar kture er ind rime N mal 
chares ne he 100 na cl nation test vere 
ed { T \ ‘ (jr I ari ints 
f Tit luced. Following cl nation, the 
charge Wa ned water! Data fre rT these 
tests are shown in Table VIII 
It r Wn that a filter cake containing 
94 pct TiO an be produced fron lag with an 
nitial TiO, content f 75 to 89 pet The best re alts 
were obtained by chlorinating powdered slag. Bri 
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which ¢] 
5 
} 
and is of special signifi. ie 
Cor lererd 
3 
ts 
slightly higher 


4 


Table Vil. Chlorination Data 


Chierina- 
I Chierine Maxi Chierine Titaniem tien Rate 
Charge Treatment Tri” Titaniam as Fiew mum Tem Em Em - rich 
Bieg Weight. Lb Time. Hr Pet TiO,, Pet Lb per Hr peratere, °€ ciency, Pet cleney, Pet Lb per Hr 
Bf # 0.79 
‘ 4 632 0.85 
672 ¢ 85 
2 68 79 0.93 
é 79 91 
4 + 7 4 61 4 
Table Vill. Results of Chlorination Without Corbon 
iD- Pilter Cake 
Slag Inpet, Pet Pet 
Weight 
ait I Siag Type TiO, Ma Fe Tio Ma Fe G 
it ‘ 
2 #2 2 
‘ } 22 2 4 
| 
‘ , earth ent te } potentia byproduct 
at 
é i If a f the elect 
+} ent would be 
le f 
ntaining 80 to 85 pct TiO 
| i if Best resu dt ed 
bers gnited at 800 
he ot ated direct 
t Fé d iT ePCco- 
‘ t ng 94 pet TiO, can be pro- 
t ate gt emove 
ine ‘ le 
Ackrowledgments 
\ it extended t the Idaho-Canadiar 
+ 
ant a xa al 
eat i by ) H 
t \ r Me B aT ‘ r => 
na Vi \ r t test ‘ per- 
> t N Me t B if r 
) 
A a I 
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‘ of enies The Metals Branch Transactior Vol. 206, 1956 


AIME OFFICERS: 
DeWitt Smith 
Vice-Presidents—! nseimar 
i Decke Elkins A B 
President - Elect — 
Treasurer—> 
AIME STAFF 
Secretary—Ernest Kirkendo 
Secretory Emeritus—£ Robie 
Asst. Secretaries- 


M tor 


Kennedy 


Asst. Treasurer-—? J. 
Field Secretary & Ass't. Secy 


Staff Changes at AIME 


Rixford A. Beals has been ap- 
pointed Edit 1 Director of both 
MINING ENGINEERING and the JOUR 

or Metrats. He had previous 
ate edit M 
EN EERIN 
M Bea sate 
t ( 

1 at if t > a 
M EE} na 

tne i 
Jones & I Steel ( t 
Neg Mi 

st Tucks has be name A 
D tor f th MInrn« 
r it J METALS 

th edit 
ge the ASME 

‘ "el it r 

‘ { [ 

Al OF 
vit tie at 
\IMF ept t T 

NI { \ 
Raymond Award 
Receives Bequest 

The estate f the late Arti S 

lent of AIME i 22 
I titute 1 ¢ to be 
t f the R iter 
NV. Ra The principal 
‘ ts to approx 
$650 I ised t 
ite fo the 
pe ea ¢ ember 
$10 be awarded 


TPC Names Members 


e following have been appoint 

Technical Publica 

\tk or na 

\ ( eT J 
K ‘ ta ] \ Lmes 


S. Boshkov, S. J. Dickinson, H. B 
Emerick, F. B. Foley, G. H 4 

Evan Just te H 
Lange, Mord Lewis, A 
F. L. Vogel This committee is 
final authority on the 
Transactions paper 


DY the 


~ 


the 

acceptance ol 
guiding its ac 
endations of 
Publications C 


r recom 


ommittees 


New Director Named 


At recent AIME Board meet 


ng rles R K vas named to 
icceed E. L. Oliver leceased, for 
the tt nexpired term as AIME 
Direct til February 1956. Mr 
ize regular term as Director for 
three years begins at that time 
Dues Bills In Mail 
Pursuant to Article II, Section 2 
of the | iv f the AIME, notice 
eret given that dues for the year 
ible J 156, as fol- 
M iA iate Me 
rs, $20; Ju M t f the 
x f Jur Me ersniy 
$12. and tl fter. $17: Student A 
il 
ption t t il), $4.5 
Du t the 
f Ni ‘ i pt pa 
ent te pt ‘ 
pt r tr if 
56. If t 


Name AIME 
ECPD Representatives 


AIME representatives on the En 


neers Cou l for Profs nal De 
Oct 4. 19 have been na j 
the Board as f Ce ttee 
suidance, M. D. Coops and F. T 
> F r l Shaffe ina 
J. R. Var elt Student Develoy 
r ( | W Trainir R. J 
Sct thu Re nitior F_G. Bre 
] t S. Cohan: Et 
ie W R. F. Baker 
bes ed to succeed 7 
ia A\IME epresentative m the 
x} Octobe The othe 
presentative eJ.P. Nielser 


DECEMBER 


Pacific Conference 
To Be Held in Seattle 


The 1956 Pacific Northwest Con- 
erence cheduled for the Olympk 
Hot Seattle, May 3, 4, and 5. Earl 


R. Marble, American Smelting & Re- 
Tacoma, Wash., is General 
Cha n and assisting him as Met 


I nch Program Chairmen are 
Whit Reouillard, American Smelting 
& Refining Co extractive meta}- 


Roberts, University of 


netallurgy ; 
nd Llovd Banning, U. S. Bureau of 


Mine ter late ses 
or have bee cheduled for th 

orn ind ifternoon Thurs- 
lay and Friday, with a morning 
n Saturday. The branch 
luncheor ll be held on Thursda\ 
and F lay and the informal ban 
que ill be on Friday eve ning 


Institute Names 
1956 Legion of Honor 


Each year at the Annual Banquet 
ir Fet ial thorns ‘ her f the 
AIM r nave ont jousiy main 
sine the embe 
‘ ‘ pe ecognitir 

eate it the table a 
e4 Institute and e added 

} ‘ hip of the Legion of 

I ‘ of th ‘ } will 
‘ Mil nA 
N Y k, N.Y 
‘ Albert H 
t Va 
rerg H 
A ton, D. ¢ 
G Sta N 
K ton. Ont.. Canada 
Ora Conr 
Robert S 
aki Calif 
race J. 
wey 
nelling, Walter O 
\ilentown, Pa 

Thorn, J. F 

Millendon, W. Australia 
Turn Scott 

New York, N. Y 
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| 
Kinzel WW Mer 
A. 
ti 
Divisional 
\ 
3 
. and E. P. Lange <a 
A. 
—— 


Back to New York in 1956 - - 
Metals Branch Program Takes Shape 


MF ‘ New Y¥ ke New York The S 
n Nuclear Metallurgy wil 
ese pape m tre 
the ergy prog 
‘ Te tative ed i the 
( 7 Powde Meta g S po are 
Fs pape ig 
ne ater j ne 4 
i if t ntered al 
f ation of TiC skeletons, ar gra 
v tr r emented tita 4 
The sv p« 
( P Semi I 
M ) 12 ‘ 
pe pla ed ne I 
A tr he Ir« and 
Steel D ile 
} ana Re € 
ire pla ion sul 
na He An ‘ 
ire a gr if paper associated 
emperature mechar 
Extractive Metallurgy Div 11 strength of alloys, several paper 
magnet materials ind a grour 
Met par actur 
Resea Progre S 
trihutior re 
€a it at epr 
t vet 4 
as I il 
The IMD Annual Le 
mn Wedne g. Fet 
iry 22, by Pr G er of 
T’ 
of 
lron and Steel Div 
RESEARCH IN PROGRESS 
AT FEBRUARY IMD MEETING 
PMT) ‘ 
i 
4 
Institute of Metals Div 
Met 
1344— JOURNAL OF METALS, DECEMBER 19 


1956 Publications ntaining material, including tech- leum and natural ga 


: CK in New ¥Y K again fe tre elect j nyt and in the Be € emiconductors at the AIME Annual 
©i 
| 
| 
| 
{ 
| 


information 


memo from the engineering laboratories of CONSOLIDATED VACUUM CORPORATION 


Volume I LT... 3 


MATERIALS HANDLING 
IN VACUUM METALLURGY 


Bulk charging | | 
How pe € pacer 


Ingot handling 
Inspection, sampling, — H pi pir 
alloy additions 
How melt ar 
hi Mold pouring 
H 


Avtomatic controls are the rule 


Consolidated Vacuum 
Corporation, Rochester 3, N. Y 


Consolidated Vacuum Corporation, rocnester 3, 
CVC sales now handied through Consolidated Engineering Corporstion with 
offices located in 4 


Det New 


DECEMBER 1955. JOURNAL OF METALS—1345 


2 
? 
wa 
‘ 
now Stalled at the > . 
‘ 
M 
Imie k 7 
3 
| 
| 
‘ 
sirable 
sts 
4 


1956 Publications containing material, including tech- leu and natural gs 


par © er i 
g nd geopl metal, nonme- the above irna will be ¢ ¢ 
j t Art X of the t tal nd i] mining and beneficia- all n g i star g t 
{E, the f and T JOUR- yut nharge pt 
t Me ni red! for ‘ ‘ 
i gt r St ates g ed 
par ¢ to those « the A membx ase 
ng } De standing ent 
bta tion are Apr If 
Muring Tt J ne of the mont} 
Tt OGY, put yuested, $4 extra ge 
I t f if Da taining r an annual subscript 
M ec? il paper f ingle copit egula ‘ 
re pu ‘ tr g j n pet ( 4 $1 per I 
‘ ber j ipt ) price f 
irnal is $8 in tl Ame i j 
posses ne foreigr 
gle es 75¢ in the A 
$1.00 foreign fe egulal $1.50 
for special ut Studer Associ 
| > ate will be entitied t the arne 
ERRO DE PAsco privileges forall publications 
Aas ) members. AIME member ibscrib- 
ain ng to more than one of eacl! t 
CORPORATION 
ee journa Nil De 
| the re moval ot ifs at tne re 
= year iomesti« >i t 
z New Jork offices to extra subscription 
= Three Voi if i?’ at t 
| z 300 Park Avenue. New York 22. N. Y. wre authorized for 1956 publicatior 
3 as follow No. 202, Mining Branct 
= Telephone Mil amay wus 22 N 203, Metals Branc! ind N 204 
= 204 will be available to members at 
PTT >3.0Y each for a first copy if paid for 
r iavance wit! ov W t 
+ y ate $7 if) 
pet be $7 I te 
Nil € avallabie it 34 
each for a first py if ¢ 
JET PROPULSION LABORATORY ivance with dues; other 
nonmember rate of $9 | 
of the Nonmembers $9 in the United Stats 
foreign $9.7 
CALIFORNIA INSTITUTE OF TECHNOLOGY Special 
pudi atior I iat 
Pasadena, California ving: Open Hearth Proce . 


é ee 1} embe 
nonmember $10 B t Furnace 
Coke Over R Mater Pr 


offers opportunities in materials research eedinas. Vol. 15. AIME members $ 


r er 
CERAMISTS OR CHEMISTS p ME 
high teme ond met system tud $7 
stronships state ond ections. and thermal and 
her ad nitred arbid ‘ ond ther mot ts ) 


SOLID STATE PHYSICISTS OR PHYSICAL METALLURGISTS for the ye . 4 nem > 


a 3 domege and ated M 
METALLURGISTS OR MECHANICAL ENGINEERS If due ire pa absequ 
on tee oment high tome stu mot sis. titenium and Jar ar 3] f Ir 
sad « metals ¢ a t engin ond chet pul it ‘ ipt 
Openings exist ot BS. MS and PhD levels. Airmo: your summary of irnal. free of charge or 
qualifications to Member 
i 
CALTECH | JET PROPULSION LABORATORY prices for put . 
> 
4800 Oak Grove Drive, Pasadena, California ; R — M Ml 
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a vertical 
metallograph for: 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position 


New vertical illuminator with rapid objective 
changing device. 

Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 

Instant change-over from binocular observation 
to photography. 

Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 

Vertical compact construction requiring mini- 
mum of space. 


&. LEITZ, INC., Dept. JM-12 
468 Fourth Avenue, New York 16, N.Y. 


Please send me brochure on PANPHOT Metallogrophi« ‘ 
Microscope 


Nome 


Street 


iInc., 468 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 


LENSES CAMERAS 


MICROSCOPES + BINOCULARS 
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‘be 
Rid 
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° District 5: R. D. Satterley, Inland bors as an author, bringing wide 

For AIME Officers, 1957 Stes Ishpeming, Mict Jame und general understanding of mod 
Westwate! Cleveland Cliffs Iror ern petroleum tecnnoiogy to indus 

( Ish pe ng. M try and the puodil 

¢ Section Delegate District 6: Lincoln F. Elkins. Sot Erskine Ramsay Gold Medal to R. 

I Pet m ¢ 0 Sk n Towe Livingston Ireland, “For ! vision 

‘ Ok P D nerg and ant ourageou 

t ‘ ( ( ( P. O. Box r eadersniy f the 

IMI > The mmit 709 Ok Cit Okla 
the Annus District DH. Beet AJumi Robe rt Ri hards ard to A. W. 
‘ Rox ald, “I: gnition of the 
€ rie 51a M 
District 8: T. G. Chapman, College “ pane 
Copp. ( I ent t eral 
penet atior 
Appointment of President, with District 9: D. E. Hewitt. Box 47% Benjamin F. Fairless Award \ 
spproval of Board of Directors: Joh: | wnfield Texa : Athana Stephen M. Jenks, “For ! outstand 
District 10: V. C. Perini, J Box 
Jackling Lecturer, James P. Mac 

; Robert W. Hunt Award to Otwin 
Cuscoleca, {: his pape Deve - 
‘ ) Cr og g Jot R- 


Announce 1956 Honors mal OF Mavats. July 1954 
Mathewson Gold Medal to Jack 


be I Washburn, Ear! R. Parker, Eugene 
" ton Fet H. Edwards, f four papers pub 
it the tote statier ed NA or ME 
Executive Committee, Council of I.E Johnson, Jr, Award t 
Charles F. Rand Gold Medal M Holowaty nt 
Henry DeWitt Smith, list the erature t espect 
‘ M ort nt ‘ 
Rossiter W. Raymond Award 
Mining tranch Council K 
nM James Douglas Gold Medal ¢ Robert Peele Award t Ingvar 
Charles R. Kuzell, itstandi: Janelid, for paper, Dr Prac- 
MINING ENGINEERID June 1954 
‘Extractive Bev. Award 
R. A Davey, f pape 
Metals Branch Council: | 
al Sndustes Educ ation Awaré 
William Lawrence Saunders Gold Elmer A. 
Medal Louis D. Buchman, not eader aching al 
Petroleum Branch Council J ent of open-pit methods for etapa, os ; m the 
tr t 
y Anthony F. Lucas Gold Medal iship, 4a ; t 
Stuart Edward Buckley For it ' tudents and é if 
Discrict 1 
Technical Editors Wanted 
tions are open at AIME he ju 
M1 J M 
District 2: J. ¢ J & t tallu pi 
District 3: S 420 kK 
District 4: Theron Reed, Ower . 
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Whiskers on tin-plated steel, enlarged 6 times. Immense yield strength 


of metals in whisker form was discovered by Bell scientists 


The clue of the metal whiskers 


M PRI 


The gh the of sonds of speciolly cw 


tiveted whister enticts fo prevent 


treacherous felephore equipment 


BELL TELEPHONE LABORATORIES Be 


REATIVE MEN IN SCIENTIFI AND TECHNICA rie 
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trif int v larger ones, and showed t 
tif Such a case rvstals h ormously high vield 4 
ate a | | ted the theors 
+ 
ker ther ki clue ha 
th on similar front thn ~-4 > 
I t | thre vance h 
ha 
+ +} | clent re ] il ) 
fect t cs practice rut zing 
lact to test tter teler ne service 
TELEPHON Ry A AMERICA PROVIDES CAREERS 
fs 


Personals 


E. F. Eiswerth has become special Thomas H Lentz ha oined the Max IL. Beard is senior engineer, 
t ; ect engines Allegheny Bureau of Mineral Research, Michi Westinghouse Electric Corp., Pitts 
kenridge ‘ M na burg! He nad bee piar t metallur 
M t 2 I M esearcl t for the Oliver Corp. South 


Bani RK. Banerjee, formerly assistant D. E. Nulk, Solar Aircraft Co., Des 
; ect ¢ nes 28 | noted t Norman Brown has been elected to Moines, lowa, has joined the jet div., 
wier. X-ray ‘ ve the Universit f Penr Thompson Products, I Cleveland 

eng y gineering Alumni 
‘ pt., Standard Oil Teachir \ { as an outstanding M. J. Weldon, metallurgist, Henry 
Ind G. Thompson & Son Co., New Haver 
has resigned t accept i position 


Jack A. Yoblin nt ust Corp f 


Met rt 


Talbot, 


a 


Hastings 


Robert J. Morris, P. R 


titar if ail 


James W. Corbett Edward H. 


Jacobsen have been app« ed to the 


lept General Electri Researct 
Laboratory, Schenectady. Robert A. 
Bremmer has been transferred to 


laboratory vnere ne 


rhe eseal 


B M McNEELY, JR ery rch a tant ir 


Branch M. Me Neely, Jr., ha oined Rov B. McCauley. Jr.. wa appointed 


pment and researct 
nairma 


Foard 


Caulfield, 


Cor} is been appointed For the past five years, Mr. Morsé 


k D. Michaelson, vice pre mpan} 
lent ef exe tive Cr ‘ 
H. Ridgway, Jr va ippointe n 
' ‘ ‘ ty pper C has been named Butler ( Brewen wa appointed 
ance 
inagetr esterr if representative r the Detroit 
R. M. Haldeman, cenera!l mar irea for Everede Te ( age 
( len Copp. Cc has beer 


A , , John Rundt has been appointed chief 
exe j ve r Brader r } 
er neer of the div i research and 


Rebert A Boundy accepted a 


Clarence E. Larson was appointed 


Stanford O. Smith 


I Xa narie 
Ka Howard W. 
W tnev 
Buskie, Chattanooga, has ferred from New Haven, Conn. t Institute of Technolos Hoboken 


ne enr k Ria Tenr 
T i has beer pron ted ¢ the rank 


Leavenworth, Jr., Pratt Theodore Gela, formerly assistant 


\ raft as been tr nd f 


ans 


John W 


Lawrence T. Eck has ined the 
Titar Meta Cort f America F. D. Parker, forme: inager of the 


Nig teallure ‘ 
pi 
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4 
an 
Bae 
eee Northeastern Steel Corp., 
ned — Bridgeport 
H. L. GEM Boston, is in Turke; 
acting aS a metailiurg onsultant 
\nager, Montana to the Turkish government. He ex 
Me Mr pect t emain there intil Febru 
Cc} \ ary 1956 
elt p. Ltd 
jiv., Indianapolis 
Walter ¢ Kahn Jr " he rrve , Ind na ned the General Electrix 
Cont Pa ( ' Co., Cincinnat He will be located 
a _—— in the aircraft gas turbine div 
wid L. Lee tant ne 
} i beer ' 
| 7 
the ‘ Wire 
J 
‘ ta t ept 
Interna Ohio State University 
; }. E. MM has been appointed ember of the Texas technical field Mr McCauley joined the staff of the 
‘ tior loustor Mr. McNeely ha rait tol ) 
i igia ‘ er i am in 
M Foa ‘ ted wit! tre Houstor tructor of welding engineering 
, Field Material C 
M Arthur B. Morse is vice president 
J. P. general manager 
the eltir anager and westerr ales manager of the 
| 
re ned ¢ ent the n 
Tex ogy on vice pre lent it harge of research 
has resigned tro: ervice engineer, for National Carbon Co., New York 
om ner x - Alloy Sal & Service His headquarter will be in Cleve 
Tex Alloy & 
M tt-Char n & Scott Corp. Mr 
\Pennessec cts & Chemical He 2 ts B Knox C 
Corp., and Tenn-Tex Alloy & Chen engineer in the proce iept. M Tulsa, has been named vice pres 
ul ( I nee August 4 in a Eck 1 bes with the National Lead lent-enginering, Arthur G. McKee 
onsultins pacity Fredericktown. M & Co., petroleum div 
> 


Shown obove is a 2) diameter shell 
Top-Charge Heroult Furnace. At 
right, the same furnace is shown 
with swing-type roof removed for 
charging. Smaller picture at lower 
right, shows tilting mechanism for 
207 diameter Heroult 


Electric Furnaces 


for faster, high quality 
steel making - - 


To keep pace with modern steel making 
methods to produce better quality 
steel faster, and more economically, it 
will pay you to consider the addition of 
electric furnaces to your existing facil 
ilies 

In the light of the experience of some 
of the nation’s most successful mills 
Heroult Electric Furnaces should easily 
prove a big time and labor saver, and 
quality up grader tor you 

Embodying the latest in mechanical 
and electrical equipment, these widely 
used furnaces are noted for their efficient 
performance, and low operating and 
maintenance costs 


Available in sizes of shell diameter 


“ranging from 70” up to 24'6", and with 


rated charge capacity of from 8000 Ibs 
up to 400,000 Ibs. They are usually 
equipped with roof-moving mechanism 
to permit top charging. Both gantry and 
swing-type roof-moving mechanisms are 
available. Door-charging furnaces and 
furnaces of special design, including 
units equipped with austenitic steel bot 
toms to permit inductor stirring, can 
also be supplied 

We welcome an opportunity to help 
you select and install the Heroult Ele 
tric Furnace best suited to your parti 


ular requirements 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL CORPORATION, GENERAL OFFICES: 525 WILLIAM PENN PLACE. PITTSBURGH, PA 
Controcting Offices in New York, Philodelphic, Chicago, Son Francisco ond other principal cities. 


United States Steel Export Compony, New York 


THIS CATALOG —— 


contains up-to-date informatior 


on Heroult Electric Furnaces 
types sizes copocitres rating 
etc. For free copy, write to our 


Pittsburgh office 


. 
~ 
eee 
= 
\ 
—— 
| 


Samuel T. Page 


Douglas B. Fraser 


J. H. BECHTOLD 


James H. Bechtold, 


| 
| 


John D. Knox 


nt 
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MAGNESIUM 


lightness in equipment saves manpower 


when materials are on the move 


Biggest reason for the expanding use of Dow magnesiun requirement 
materials handling « juipment ght eight! } Ine welding forming and 
Re ire higher efficiency and better use of manpower! machin haracteristi 
(MUher sig nt reasons |! ihe g ler if nesium. cal your nearest 
Dow Ma Dow sale le THE DOW CHEMICAL COMPANY 


Design simy ition without sacrifice in strength Midland, Michigan, M im Sales Dept. MA-318H 


you can depend on DOW MAGNESIUM 
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Blast Fernoce Copper Castings—else Brass and Bronze Mill 


Melting goes fast 
and smoothly | 
with Lectzomel 4 
furnaces! 


Labor-Saving Top Charging Lets a io 
Lectromelt Furnace Get to Work Fast 4 


4% more tonnage per heat, 30% more 
heats per month, 35% more average month- 


ly output—these are figures reported by a 
steel company operating several Lectro- 
melt Furnaces. Lectromelt’s system of top- 
charging gets scrap into the furnace fast, 
saving many man-hours and producing 


more metal. 


With Lectromelt Furnaces, you can 
crowd on the power, greatly increasing 
their output. They are built husky to with- 


= ae: stand this push for production. Lectro- 
melt Furnaces are durable and dependable. 


For Melting, Refining, Smelting 
— and Reduction 

Lectromelt Furnaces have been proved 
by years of service in the metallurgical and 
chemical industries. Our engineers will 
advise you on these processes and tailor 


the entire installation to suit your needs, 


Catalog No. 9 describes melting fur- 


naces. Catalog No. 105 describes those for 


smelting. For a copy of either book, write 
Pittsburgh Lectromelt Furnace Corpora- 7 
tion, 326 32nd Street, Pittsburgh 30, Pa. ie 


Manufactured in. GERMANY Friedrich Kochs GMBH. Dusseldorf ENGLAND: Birtec, Birmingham 


FRANCE. Stein et Roubem. Paris BELGIUM S A. Beige Stein et Roubeix, Gressousr Liege SPAIN 
General Electrica Espanola, Bilbao ITALY: Form Stein, Genoa JAPAN Daido Stee! ( td ._Naegoye 


MOORE RAPID 
WHEN YOU MELT... 


Ws 
4 ol 
4 10 HUNDRED TONS | 
capacity 
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PRODUCTS 
US IMPROVE STEEL MAKING 
FROM CHARGE TO FINISHED INGOT 


The United States Graphite Company has served the steel 
industry for a half century with products to improve steel 
making from the furnace to the finished ingot. Our engineer- 
ing service and laboratories are constantly working on new 
products to solve your steel production problems. The products 
listed here are a few of the most popular and widely used — 
why not investigate them — they can cut your costs. 


R E C A R B 7 Ko (engineering bulletin #11) 
insures carbon specifications 


RECARB-X is ideal for off-carbon heats. A fifty pound bag 
per 100-tons of steel will raise carbon two points when added 
to the ladle. RECARB-X dissolves quietly, gives uniform, 
dependable carbon recovery at all carbon levels. There are 
grades of RECARB-X for the furnace charge. 


MEXICANe MOLD WASHES <rcincering buttrin #15) 
for better ingot surfaces 


For as little as 44c per ingot ton, you can insure quicker, easier 


mold stripping with MEXICAN Ingot Mold Washes. MEX 
and 90-B can be applied at any temperature and are easy to 
prepare and use. Where a high volatile “gas kick” is needed, 
VOLMEX or XF-81 will supply the answer. For an inert, non- 
carbonaceous mineral coating, XF-88 will do the job. 


MEXATOPR beatin 90 
gives sounder ingots 


MEXATOP is a powder compound which spreads easily over 
molten ingot heads and casting risers. A 44” layer over the 
molten surface works effectively to prevent cavitation and 
insure sounder castings. 


Write for Engineering Bulletins describing these products. 
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THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 
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